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1.0 INTRODUCTION 
r^ f^F^FVer increasing world population and the anUeeth need 
to feed it\compelled man for ihe-^enhanced agricultural production. 
To achieve this, man has been devising various methods of combating 
pests which cause substantial destruction to crops, imcient 
man used copper and zinc coated wires of which copper has a repellent 
and/or toxic effect to all fouling agents and borers. These products 
proved to be costly. Alternatively he switched over to comparatively 
cheaper materials which were mostly poisonous inorganic compounds 
such as lead arsenate, sodium fluosilicates, Paris green, zinc phos-
phides etc. Improper application of these chemicals proved to be 
phytotoxic to crops and were poisonous not only to pests but also 
to man and domestic animals. The inimical properties of these chemi-
cals prompted man to search for safer compounds. Some plant extracts 
such as nicotine, pyrethrum, rotenoreetc. were used as pest control 
agents. The pesticidal activity of plant extracts fascinated the 
organic chemists to test many natural products and synthetic com-
pounds for their pesticidal properties. Hence. DDT though initially 
synthesized in 1874 was rediscovered as an insecticide in 1939. 
The discovery of DDT and its effectiveness against a wide variety 
of arthropods earned for Muller the Nobel prize in 1948. It appeared 
commercially as the first wonder insecticide and was soon followed 
by benzene hexachloride (BHC). 
Insects, mites and nematodes are major pests which tamper 
the agricultural production. Approximately 10,000 of the 700,000 
known species of insects are identified as pests, and about 30% of 
the food grains grown in the world still gasa ie feeds them rather 
than i9>}fee4~people. At least 1,500 of the 15,000 species of nematodes 
cause serious damage to plants. Other than the damage caused 
to crops, they carry and transmit some of the most debilitating 
diseases which mankind has to endure such as bilharzia, sleeping 
sickness, yellow fever, plague and many others . Hence, man has 
engaged in a continuous struggle against Ivoracious and ruthless 
natural enemies which haveiclaimed a greatt^ toll on human life . 
Chemical agents have been the focal point of pest management. 
Hence, numerous compounds were synthesized and tested for pesti-
cidal activity. After certain rigorous tests, those which have satis-
factory pesticidal activity were introduced commercially. The proper-
ties of an ideal pesticide should be : 
1. Cheap to produce 
2. Very potent against target pest 
3. Harmless to non-targets 
4. Non-toxic to man, his pets and to the environment 
5. Decompose to harmless constituents. _ ly^ dji'^>^^''-^^-'^ ^•. 
<! 
Pest control by chemicals has been playing a vital role, in 
increasing the production of crops and in checking human diseases. 
But it has created some problems also, such as the appearance of 
resistant strains of pests, resurgence of pest due to destruction of 
parasites and predators, low yields due to non-seedling of seeds 
as a result of the destruction of pollinators. The environmental 
and toxicological hazards posed by numerous persistent/non-persistent 
pesticides and the increasing tolerance of many pest species to these, 
engaged scientists through out the world, in working out the causes 
and consequent solutions to the problems associated with. 
Intensive and extensive use of modem organic pesticides has 
led to the segregation of resistant strains of some pests and created 
unexpected difficulties, in their control, while giving clear definition 
for resistance, it is mentioned that the terms susceptibility, tolerance 
and resistance should be taken as indicating differences in degree 
2 3 
and not in kind . Resistance has been observed in bed bugs to DDT 
- 4 
in Musca domestica nebuldrxto aldrin . 
1.1 Conventimml Formulations 
Chemicals used to destroy pests need dilution, because very 
little amount of the active agent is required for treating a large 
area. The materials used for dilution should not reduce the activity 
rather jatleast) should enhance the persistence of the active agent 
^— ' ' ' fAL^ 
or be an attractant of pests. These materialslin general referred 
,^ \' ' to as inert materials. The mixture of active and the inert materials 
is Pesticide Formulation. 
Along with the high biocidal activity for various pests, pesticide 
formulations must be safe to handle and non-toxic to humans, domestic 
animals, useful plants and beneficial insects and microorganisms. 
Plants treated with any pesticide must after specified period contain 
only such residual amount tha^-^ complete safety is assured in their 
use as food. 
Standards have been set up for the maximum content of pesti-
cides in food stuffs for both human and domestic animals. The inter-
val between plant treatments are recommended such that at the 
harvest, the pesticide applied should have completely or nearly com-
pletely decomposed to its safer constituents so that the food materials 
do not contain amounts of pesticide residues harmful to human health. 
In determining the degree of toxicity of a formulation, it is necessary 
to give attention to its chronic toxicity. The possibility of accumula-
tion in the body, the reversibility of the toxic effect, the route 
of entry and a number of other factors as well as the toxicity of 
the products of its metabolism. 
1.1.1 Classificati(m of pesticides 
There are many ways of classifying the chemical pesticides 
and the most appropriate one is based upon the use to which the 
chemical is applied. The classification in general is as follows : 
A) Chemicals for insect control : Insecticides 
i. Stomach poison, contact poison and fumigant insecticides 
a. Attractants 
Hi. Repellents 
iv. Auxiliary substances 
B) Chemicals for fungus cmitrol ; Fungicides 
i. Eradicant and protective fungicides 
a. Fungistats 
C) Chemicals for weed control : Herbicides 
The aim in applying any pesticide is that, it should come in 
contact with the pest to be destroyed. To attain this goal, it is 
necessary to formulate the active agent suitably. The success of 
a pesticide depends to a large extent on the formulation and the 
conditions under which the toxicant is brought into contact with 
the target. To control different target organisms, it is necessary 
to produce a large number of formulations suitable for practical 
applications. There are many types of formulations of which the 
important ones are granules, wettable powders, solutions in water 
and organic solvents, emulsive concentrates, dusts, aerosols, fumigants 
and internal applications. 
1.1.2 Types of formulations 
A) Gramdes 
A granular formulation is defined as the formulation in which 
the particle size range from 4 to 80 m,esh. Granules release the 
sorbed toxicant by mechanical disintegration, dissolving the toxicant 
at a water interface, displacement of the toxicant by water and 
volatilization. To release all the active agent, it takes several weeks. 
B) Wettable powders 
Wettable powders are dust concentrates that contain surface 
active agents, which when diluted with water become stable and 
form sprayable colloidal suspensions. 
C) Solutions in water and organic solvents 
The water soluble pesticides are dissolved and diluted in water 
and used as sprays. Water insoluble organic pesticides are often 
solubilized in petroleum distillates and used as sprays. This method 
is not satisfactory. Kerosene, for instance, causes leaf burn in many 
agricultural crops and careful application is needed to destroy the 
target without unpleasant changes to the desired plant. 
D) Emulsive concentrates 
Most organic pesticides are not water soluble, so application 
through aqueous system requires the use of an emulsifier. Such 
materials are characterized by a chemical structure in which the 
molecule is divided into two moieties. One part of the structure 
is hydrophilic (water soluble) and the other part is hydrophobic (water 
insoluble). Usually the hydrophobic moiety is soluble in organic 
liquids. Essentially the emulsifier allows the homogeneous disper-
sion of insoluble agents in water. 
* 
E) Aerosols 
It is possible by suitable means to produce suspension of solids 
and liquids in air, the individual particles which are of colloidal 
dimensions. Such colloidal suspensions are termed as aerosols. 
The most common method of producing aerosols is by means of 
the release of compressed gas with which the toxicant is mixed. 
F) Fumigants 
The application of pest-control chemicals in the gaseous state 
is termed fumigation, such a method of application is limited to 
those substances which exist in the gaseous state at temperatures 
and pressures attainable under practical conditions. 
In few cases the toxicant is introduced into the living organism 
in such a way as to produce resistance to insect or disease attack, 
for eg. plants fed on selenium are resistent to green house pests . 
Since most toxicants are harmful to the host, as well as the pest, 
this method requires careful regulation and is not widely used. 
The conventional formulations could not satisfactorily control 
the pest in single application and posed a threat to environmental 
pollution and the critical need to feed the growing world population 
demands newer and safer methods of pest control. The best and 
safe way of pest control would be the total elimination of chemical 
^f pesticides and to control by developing, Biocontrol Technology. 
> Biocontrol methods of combating the pest is in its preliminary stages 
and takes a long time to develop and till then the use of chemicals 
(^  'f are a must. Consequences of which led to the discovery of new 
(T • 
N^-
formulation technology Controlled Release Formulation Technology. 
1.2 Controlled Release Formulatiwts 
Controlled delivery of chemicals though new to modem tech-
nology occurs in nature. Nature operates through controlled release 
systems to control contiguous competitive vegetation by maintain-
ing optimum phytotoxic chemical concentrations. Oxygenation of 
blood and delivery^, and control of the passage of food and waste 
are other examples of controlled release. 
The concept of controlled release is a novel approach to the 
safe and effective use of any active ingredient, whether a pesticide, 
drug or fertilizer. Controlled release technology paramounts to 
solve the problems involved in the application of conventional formu-
lotions like for example, to respond only to the specific purpose 
A for which it is applied and to avoid other responses to a greater 
1 
t^^ extent. Development of controlled release systems is an attempt 
to simulate nature's processes and to improve the efficiency of 
the delivery and utilization of active ingredients at the target site. 
The drug industry is the first beneficiary of this technology. Major 
developments in the field of polymer science has paved the way 
to the development and commercial success of many controlled release 
formulations for medical, pharmaceutical, agricultural, forestry, 
public health, and veternary applications. 
An idzai contioUzd ^efeaie iyU^m should dzUvO-i thz optimum 
amount o^  tho. active, ingizdiznt at a contxoUzd mto. Ion. a dzUind 
ptxiod without cauung any damage to thz non-ta'igQ.t 4y4tem4. The 
principle advantage of the controlled release technology is that 
minimum amount of the active ingredient is required for the same 
I " 
, \. ^. 
tl^ * period of activity than is recommended in conventional methods 
, .v*^  " * 
(v. 
er^  of application. Thus controlled release technology holds great promise 
for improving the efficiency of existing drugs and pesticides, and 
for reducing the problems associated with others. Controlled release 
technology aims and promises to a greater extent to solve the con-
flict between the absolute need to use pest control agents in agricul-
tural and public health applications and man's great desire to preserve 
the environment free from toxic materials. A successful application 
of controlled release technology for preserving environment is the 
best until better control techniques are developed other than chemical 
control. 
1.2.1 Advantages 
Notable features of controlled release systems are localization. 
10 
prolongation of the desired action with minimum side effects and 
single application . Controlled release technology offers an ideal 
solution to many problems for example, the insect growth regulator, 
methoprene is so unstable in the aquatic environment that its practical 
application is possible only with controlled release methods. Commer-
cial accpetance of many new pesticides is possible only when they 
are stabilized long enough to effect control through controlled release 
technology. Economic and environmental advantages are also gained 
by the constant release of lower concentrations of toxicants than 
are possible with conventional formulations . 
^ -^^ \ " ^ The conventional modes of application of pesticides, drugs, 
fertilizers, and other biocides, relatively high doses are administered 
at periodic intervals. Thus the concentration of the active agent 
raises to a high level in the system treated, which may produce 
undesirable local effects in the target area or contaminate the environ-
r \ment. As!time passes the concentration begins to fall because of 
\ c ^ ' . ^ ^ -.natural processes/and before the next application it may fall below 
^ ••, ' the optimum level for the desired response. These factors inflate^ 
\ 
the cost of treatment and is inefficient. Most of the problems posed 
by conventional pesticide formulations are eliminated in controlled 
7-10 
release pesticide formulation. Hence, inherent advantages present 
in the controlled release systems have already led many controlled 
release formulations to commercial success. 
11 
J.3 Methods of Controlled Release 
The methods to prepare controlled release pesticide formulations 
can be classified broadly into (1) chemical methods (2) physical methods. 
A controlled release system is prepared by either physically 
trapping or chemically binding the, active ingredient to a suitable 
material generally a polymer/so that the optimum quantity of the 
active agent is released at' a desired rate for predetermined time 
r • r~' V *% 
at the site of action. (^Y ^ M '^  ' *^^  
1.3.1 Chemical methods 
In a chemical approach the pesticide, is directly or indirectly . 
"igp covalently or ionically bound to a preformed natural or synthetic 
polymer as pendent group. Another approach is to prepare polymeri-
zable pesticide monomer and its further polymerization alone or 
with a co-monomer to a polymeric pesticide. Bifunctional pesticides 
are polymerised by inter molecular condensation to afford controlled 
release polymers. The chemical approach helps to incorporate large 
amounts of active ingredients in comparatively small quantities 
of polymer matrix. The chemical bond between the pesticide and 
the polymer immobilizes the active agent until it is broken in the 
environment. The main limiting factor of this method is that only 
pesticides and polymers having suitable naturally reactive funqtional 
groups are amenable to this approach. The' active agent is released 
12 
by the slow and sequential hydrolysis of the pesticide-polymer bond 
\--'' under the environmental conditions of application. This retro-chemical 
' I synthesis is triggered by moisture, soil microbes or natural light. 
It is necessary that the polymer-biocide bond must cleave more 
,G 
> readily than any other bond in the system. Ester, anhydride or amide 
linkages are the most useful. 
The utility of pesticide-polymer controlled release formulations 
' -^  are^.govemed by their rate of pesticide release. The factors which 
influence the rate of release are the nature and stereochemistry 
of the pesticide-polymer linkage, the presence of other functional 
groups, the level of substitution, hydrophobicity and accessibility 
of the substrate-biocide bonds to the degrading agents, and the extent 
of cross-linking and the degree of polymerization of the substrate . 
Fenone, tris(2,4-dichlorophenoxyethyl) phosphite, is the first example 
of an attempt to covalently link a pesticide to a polymer . Later 
Faerber synthesized fungicidally active polymers by the homo- and 
^. \'\ co-polymerization of m-chlorophenyl acetate and demonstrated the 
i 
: ' ^ potential use of polymers as a vehicle for controlled pesticide delivery 
C >. . \ ' ' systems J. To develop sustained release pesticide formulations, 
ir> alkyl resins were modified by the tolomeric incorporation of 2,4-
13 dichlorophenoxy acetic acid (2,4-D) . 
A) Direct bonding to preformed polymers 
Direct bonding of pesticides to preformed polymers, involves 
\ 
. ( 
13 
the reaction of a pesticide or its derivative with a polymer containing 
a suitable functional group. The resulting pesticide-polymer bond 
must degrade in the environment to release the active ingredient. 
To achieve a high degree of pesticide substitution, the reaction condi-
tion must be carefully manoeuvred. Much work was done by Allan 
14 
and Coworkers on direct bounding herbicides with carboxyl or 
hydroxyl groups via covalent bonds as pendent substituents to preform 
natural polymers containing carboxyl or hydroxyl groups. Some synthe-
tic polymers containing hydroxyl and acid chloride groups have also 
been used for covalently binding pesticides. On converting herbicides 
containing carboxyl groups to acid chlorides, it is possible to attain 
a link with polymers containing hydroxyl or amino groups. Natural 
biodegradable polymers containing cellulose were acylated with 2,4-
dichlorophenoxy acetylchloride (Scheme 1). The evaluation of the 
duration of herbicide released from these products in the soil was 
carried out by observing the inhibition of the germination of lettuce 
seed that was sown daily . Natural polymers, such as, cellulose, 
chitin^ chitosan, lignin, starch, alginic acid or lignocellulosic bark 
1 fi 
are best suitable for chemically bonding herbicides . Table 1 shows 
some of the natural and synthetic polymers that have been converted 
17 into herbicide-polymer combinations. It is reported that treatment 
of a herbicide acid above its melting point with a natural polymer 
results in the formation of covalent bond between them. Hence, 
on heating 2,4-D and Douglas-fir bark at 150°C for 3 h, yields a 
SOCI? 
P-CO2H ^ - ^ P - C O C I + HCI + SO2 
p-coc\ + 
CI 
CI 
SOCI 
-*-CI 
P 0 
H^(Jy-o-CH2-c-ci 
CHoOH 
° r A 
Ci-V/ VV-o-CHp-C-CI + OH-f\OH)-0 
M 
OH n 
-YH-O-I 
i 
0 
CI-( '_y-0-CH2-C-0-CH2 
HO--(pH V-0 
L OH J n 
Scheme -1 
14 
controlled release product containing 20% herbicide. Such polymer 
esters were also synthesized by exchange reactions. The anhydride 
18 forms of herbicidal acids have also been used to esterify polymers . 
Mixed anhydrides of the pesticide and polymer can be easily synthe-
sized and are feasible controlled release systems (Scheme 2). 
Pesticides with hydroxyl groups react with synthetic polymers 
containing pendent acid chloride. Several pesticides have been treated 
with polyacryloyl chloride and polymethyl acryloyl chloride (Scheme 3). 
The synthesis of many antifouling co-polymers by treating 
polymers containing anhydride groups with trialkyl stannoles (R,.SnOSnRrJ 
19 
are reported . Poly functional macro molecules prepared from hexa-
alkyl distannoxanes and polymers containing maleic anhydride were 
observed to be capable of cross linking (Scheme 4). 
Some typical pesticides and polymers suitable for chemical 
binding are shown in Table 2. 
Polymers containing pendent hydroxyl groups have also been 
treated with aldehydes having pesticidal activity. This reaction 
favours an acetal linkage that is susceptible to acid-catalyzed hydro-
lysis ' (Scheme 5). 
The synthetic combination of phenoxy herbicide acids and 
22 
natural polymers such as amino polysaccharides^ chitosan or fish 
waste are best exemplified. 
2 , 4 - D + l,3-bis(p-corboxyphenoxy) propane 
CI 
0 
II 
0 - C H o - C - O 
0 
f/ ^ O-CH2 
CH2 0 
HgC-o-Z^y-c-o 
2 , 4 - D + Sebacic ocid 
J 
0 r 0 0 0 01 0 
CI-(^y-0-CH2-C--0-C-{CH2)g-C-0-C-(CH2)2-C--0-C-CH2^^ 
CI CI  
2 , 4 - D + Poly(ocrylic acid) 
i 
CO2H 
H - - C H - C H p - i - C = CH 
L I ^Jn 
C = 0 
I 
0 
I 
C=0 
I 
CH2 
0-HQ--CI 
CI 
Scheme - 2 
P-OH + 
OH 
I CI CI 
X / > ^ C I ^ -\-CH,-l-
H3C^^ c H 
H,C 
o-*^--ci 
+ 
H,C 
I 
CHo-C 
I 
I CI Ci 
CI 
i 
0 
CI CI 
OH 
CI 
CI 
CI 
CI 
H:.C 
^1 
+ ~HCH2-C-
CI I O^^^CI 
H,C 
C H 2 - C -
Jn 
0=^^"-0 
CI 
CI 
CI 
CI 
Scheme- 3 
r 
~FCH —CH-4-
^ , I -Tn 
RjSnOH 
- [~CH 
I 
C02SnR3 COgH 
RjSnOSnRj 
CH4- -|^CH CH4-
, J n 1- , Jn I I 
C02SnR3 COgSnRj 
Scheme-4 
P-CHO + 
OH OH 
CI 
CHO + - f CHo-CH 
I 
OH 
C H 2 - C H - ^ 
OH 
CI 
1 
-f-CH2— 
Scheme - 5 
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Table 1 : Herbicide-Polymer Combinations 
Herbicide 
Trichloro acetic 
acid (TCA) 
4-chloro-2~inethyl 
phenoxyacetic 
acid 
2,4 -D ichlorophenoxy 
acetic acid (2,4-D) 
Polymer 
Kraft lignin 
bark 
Kraft lignin 
Bark 
Polyvinyl alcohol 
Cellulose 
Kraft lignin 
Bark 
Chitin 
Polyvinyl alcohol 
Polyethyleneimine 
Liberated 
Herbicide % 
6 - 9 
17.9 
23 - 39 
29 - 51 
56.1 
4 ~ 32 
15 - 39 
5-34 
3-24 
42.8 
78.0 
Table 2 : Direct Bonding 
Pesticide Polymer 
Pentachlorophenol 
Phenylazo-2-naphthol 
Hydroxyphenylazo-2-naphthol 
2,4,6-trichlorophenol 
Triethyltin hydroxide 
Tri-n-butyltin hydroxide 
1 'Hydroxyimidazole 
1 -Hydroxyimidazole-3-oxide 
Polyacryloyl chloride 
Polymethacryloyl chloride 
Polymaleic anhydride 
Co-polymer of maleic 
anhydride with vinyl 
monomer 
Containing acid chloride or anhydride groups 
0 
O C N - R - N C O II 
P-NH2 ^ - P - N H - C - R - N C O 
w OH 
0 - C - N H - R - N H - C - N H - P 
II II 
0 0 
H3)3C 0 
N'^ N - N H 2 + O C N - R - N C O 
N={ 
S-CH3 
(CH3)3C 0 ^ ) 7 ^ li 
- ( - C H o - C H - k 
N N H ~ C - N H - R - N C O r r r - * - \ 
0 
II 
\ = ( 
- { - C H a - C H - ) ^ 
CH3' / C - N H - R ~ N H - C - N H 
' 0 ^ I 
H j C - S ^ ^ N ^ ^ O 
CICHj); 
N—OH 
COCI: 
OH 
R — C Hp Cg He 
Scheme-6 
0 0 
II Hg(0Ac)2.H2S04 II 
I ) P-COjH + CH3~C-0-CH=CH2 —^ "^ ^ ii- p -c -0 -CH=CH2 
4-
CH3-CO2H 
CH. 0 
C i - < ^ \ ) - 0 C H 2 - C - 0 H + C H 3 - C - 0 - C H = C H 2 
I 
CH3 0 
C l - V 7 - 0 C H 2 - C - 0 - C H = C H 2 + CHj-COgH 
0 
2 ) P-CO2H+ H O - C f CH2-5^ C = C H 2 - ^ ^ ^ P - C - 0 - C - { - C H 2 ^ C = CH2 
CI 
CI - ( / ^ ^ - 0 C H 2 - C - 0 H + H O -
0 
II il C H 2 - C H 2 - 0 - C - C H = C H 2 
/ ' ^ 0 
C I - r _ y - O C H 2 - C - 0 - C H 2 - C H 2 - 0 - C - C H = C H 2 
SOCI2 II 
3 ) P-CO2H - ^ P - C - C I 
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B) Indirect bonding to preformed polymers 
It is not possible always for the biocide and the substrate 
to possess mutually reactive functional groups, which are necessary 
for direct bonding. Further, the intrinsic strength of the bonds 
formed between the preformed polymers and the pendent active 
ingredients are not favourable for useful release rates. The inhibition 
caused by these factors, in the preparation of controlled release 
systems, can often be overcome by interposing a mutlifunctional 
entity to bridge the incompatible groups. The bond between the 
pesticide and the binding compound must be, more easily cleaved 
in the environmental condition of application than any other bond 
in the system to provide a suitable release rate of the active agent. 
The bridged controlled release formulation can be synthesized 
either by reacting equimolar amounts of the pesticide and the bridging 
compowxd and then the resulting product is reacted with the polymer 
by means of the remaining active moiety, or it can be carried out 
23 in the reverse order . It is important to avoid side reactions which 
do not bind active agent and which may only cross link the polymer 
24 
substrate . 
Pesticides containing hydroxy or amino groups have been success-
fully attached by covalent bonds with the aid of bridging molecules 
to polymers containing hydroxy or amino groups. Poly functional 
25 
molecules such as; toluene dnsocyanate , carbonyl chloride, phosphoryl 
17 
chloride and silicon chloride have been successfully used for bridging 
(Table 3). This technique has been successfully applied in the prepa-
ration of controlled release formulations of plant hormones belonging 
to the cytokinen group (Scheme 6). 
C) Polymerization of pesticide monomers 
12 27 2H Polymerization of pesticide monomers ' ' can be applied 
to pesticide molecule which contain suitable functional group that 
can be converted to a polymerizable derivative. The presence of 
functional groups, such as carboxyl (-COJi), hydroxyl (-0H), sulfhydryl 
(SH) and amino groups (-NHJ in pesticides are more amenable to 
this approach. The application of this technique to herbicides is 
tremendous. In the process of polymerizing a herbicide, it is first 
converted to a monomer by the interaction with a vinyl group and 
then its further polymerization. The fungicide monomers usually 
contain easily hydrolyzable bonds. 
Herbicide containing carboxylic groups are converted to vinyl 
derivatives by the mercuric acetate-sulfuric acid catalyzed reaction 
27 29-35 
of the acid with vinyl acetate ' . This reaction involves the 
exchange of the vinyl group present in the acetate, to the pesticide 
by replacing the acidic hydrogen (Scheme 7). For example, vinyl 
(4-chloro-2-methylphenoxy)acetate has been prepared and polymerized 
to give polymers with herbicide as a pendent substituent directly 
attached to the polymeric back bone. The rate of hydrolysis for 
18 
Table 3 ; Indirect Bonding via Bridging Molecule 
Pesticide Polymer Bridging Molecule 
Pentachlorophenol 
2,4-D 
4-Amino-3,5,6-tri-
chloropicolinic acid 
Metribuzin 
Cytokinins 
Softwood kraft 
lignin 
Proteins 
Polyethylene-
imines 
Polyvinyl alcohol 
Cyanuric chloride 
Phosphoryl chloride 
Silicon chloride 
Toluenediisocyanate 
Carbonylchloride 
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such compounds was observed to be extremely slow and is due to 
the hydrophobic nature of the polymer. Hence, increasing the hydro-
philicity of the polymer, one can expect an enhanced hydrolytic 
cleavage, which can be achieved by copolymerizing the herbicide 
with an appropriate amount of acrylic acid. 
30 Similarly, pesticides containing hydroxyl groups, amino group 
have been treated with an acid or acid chloride suitably containing 
a vinyl group, to yield corresponding polymerizable pesticide deri-
vatives. 
The best method to polymerize a pesticide monomer is the 
bulk polymerization. The other methods are by solution and emulsion 
2R free radical techniques . In the process of bulk polymerization, 
the monomer is heated with about 1% of a free radical initiator 
(azobisisobutyronitrile) for several hours. Total polymerization, 
usually, does not occur and the product contains unreacted monomer 
which is difficult to remove. 
1.3.2 Physical methods of controlled release 
In the physical approach the active ingredient is dissolved, 
dispersed or microencapsulated in a polymer matrix. The active 
agent is releasedfto^the environment generally by diffusion through 
the polymer. 
The physical methods of controlled release may be classified 
into the following categories (Table 4). 
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Table 4 : Categorization of Controlled Release Physical Systems 
A. RESERVOIR SYSTEMS WITH RATE-CONTROLLING MEMBRANE 
i. Microencapsulation 
B. RESERVOIR SYSTEMS WITHOIT RATE-CONTROLLING MEMBRANE 
i. Hollow fibres 
a. Poroplastic and susirelle altramicroporous cellulose 
triacetate 
Hi. Porous polymeric substrates and foams (Hydrogels). 
C. MONOLITHIC SYSTEMS 
i. Physically dissolved in nonporous polymeric or elastomeric 
matrix, 
a. Physically dispersed in nonporous polymeric or elastomeric 
matrix. 
D. LAMINATED STRUCTURES 
h Reservoir layer chemically similar to outer control 
layers 
a. Reservoir layer chemically dissimilar to outer control 
layers 
E. OTHER PHYSICAL METHODS 
i. Osmotic pumps 
a. Adsorption onto ion-exchange resins. 
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(A) Reservoir systems with rate-controlling membranes 
In such systems the active agent is either subjected to a 
thin uniform polymeric coating or incorporated in the polymeric 
membrane. The process of polymeric coating around the active 
agents, whether small solid particles, or droplets of liquid or disper-
sions of solids in liquid is uniform and reproducible, with the size 
of the resulting capsules ranging from a few-tenths of a micrometer 
4 
to several thousand micrometers . The procedure is termed micro-
encapsulation. Capsules greater than 2000-3000 y m are called macro-
capsules. The terms micro and macrocapsules relate only to the 
size of the particle and not to the release characteristics or to the 
type of active agent that can be encapsulated. The different methods 
to microencapsulate the active agents are ; 
(a) Coacervation and phase separation 
The phenomenon of phase separation in colloidal system is 
termed coacervation. This process involve three steps, performed 
under continuous agitation (Fig. la). In the first step, three immiscible 
chemical phases are formed, which are a vehicle, a core material, 
and a coating material phase. The core material is dispersed in 
a solution of coating material. The vehicle is the solvent for coating 
material. Phase separation is brought about by changing the tempera-
ture of the coating material solution. The second step involves 
the. coating of the core material by liquid polymer by controlled 
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mixing of the polymer in the vehicle. If the polymer is adsorbed 
at the interface formed between the core material and the vehicle, 
deposition is effective. The final step involves solidifying the coating 
by thermal, crossUnking or desolvation methods to give self sustained 
microcapsules. 
(b) Interfacial polymerization 
Microencapsulation by interfacial polymerization is exemplified 
by the reaction between an aqueous solution of a diamine and an 
organic phase containing the diacid chloride. 
The active ingredient to be encapsulated is dissolved in organic 
phase. Addition of a non ionic surfactant and vigorous stirring favours 
the formation and stabilization of the emulsion and producing a 
continuous dispersion of oil droplets containing the diacid chloride 
in the aqueous phase. The addition of diamine to the aqueous phase 
of the emulsion results in an instantaneous polymerization at the 
interface of each oil droplet to form a film completely enclosing 
the droplet containing the active ingredient. Polymerization proceeds, 
since the diamine diffuses through the polymer to react with all 
the diacid chloride. An acid acceptor present in the aqueous phase 
helps to remove the HCl formed and makes all the diamine available 
for polymer formation (Fig. lb). The microcapsules formed are 
filtered and dried. 
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(c) The Wruster process 
A process was invented to coat the particles by Prof. D.E. 
37 Wruster . In this process the particles to be coated are fluidized 
on an upward moving air stream. A cyclic flow of the particle is 
produced when the particles enter the high velocity spout, they are 
accelerated and physically separated from each other. At this instance 
the coating material is applied through a spray nozzle mounted at 
the base of the spout. The process air that fluidizes the particles 
also serve to dry the coating. If the droplets are large, the particles 
tend to stick together and the removal of the solvent becomes slow 
which also enhance the agglomeration of particles. This method 
is used when the particle size of the coated product is larger than 
140 mesh (160\sm) (Fig. 2). 
Among the other controlled release devices in this system, 
polymeric film membranes play an important role. They release 
the active agent by diffusion from a reservoir. 
Biological active agents microencapsulated in polymeric films 
have been developed for specialized applications such as protective 
packaging, reverse osmosis, dialysis, hyperfiltration and ion exchange. 
This device has been successfully applied in the field of drugs. Poly-
mers like polydimethyl siloxane (PDMS) , ethylene vinylace-
41 42 43-45 46 
tate ' (EVA), polyethylene and poly-n-butylmethacrylate 
are widely used in this technique. 
Controlled 
porticle flow 
Coating 
portition 
Coating spray 
Airflow 
-Air distribution plate 
Hydraulic nozzle 
WURSTER COATING CHAMBER 
FIG.2 
I 
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B) Reservoir systems without rate controlling membrane 
The systems of this kind, hold the active agent in tiny open 
47-49 tubes or pores of the plastics, include hollow fibers , chemical-
impregnated porous plastics such as MPS porous PVS sheet, millipore 
fibers and cellgard, porous polypropylene , foams and possibly hydro-
' c J '5? 'i 9 
gels and ultramicroporous cellulose triacetate ' . The release 
of the active agent to the environment is basically by diffusion pheno-
menon. 
i. Hollow fibers 
Hollow fibers are tiny tubes holding the active agent in the 
hollow space which are sealed at one end. The active agent is released 
by diffusion through the air layer above the system. The release 
of the active agent to the environment is more complex with systems 
involving impregnated porous plastics but in all cases, the active 
agent is retained by capillary action or physically embedded in the 
pores. The desired release rates from hollow fibers can be achieved 
by varying the internal diameter of the fiber or for a cluster of 
t •_ fipers, by varying the number of fibers in the cluster and by varying 
' the lengths of the fibers. The release rate also depends on the nature 
^'^ of the active material. 
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it Poroplastic or ultramicroporous cellulose triacetate 
52 53 Ultramicroporous opencelled form of cellulose triacetate ' 
is another such system which is gaining commercial importance. 
The film or membrane configuration has the trade name Poroplastic 
and the powder or microbi^ad form is trade named Sustrelle. 
These products are essentially molecular sponges with a cellu-
lose triacetate matrix. Large quantities of liquid can be strongly 
retained within the matrix by capillary action since the pore dimen-
sions are extremely small and the internal surface area is very large. 
The unique properties of poroplastic and sustrelle are 
1. Extremely small yet variable pore size-characteristic pore 
o o 
diameters range from 14 A to over 250 A. 
2. High liquid content. Liquid content can be adjusted from 
70 to 98%; this holds true for almost any kind of solution. 
3. Irreversible shrinkage on drying. As the liquid in poroplastic 
evaporates, the pore structure progressively collapses. The 
process is irreversible because the swollen state is not thermo-
dynamically preferred over the partially or completely dry 
state. 
4. Homogeneous and transparent. The hydrolytic permeability 
and the diffusive permeability of poroplastic are inversely 
proportional to thickness. Also, because of the extremely 
26 
small size of the pores and the lattice structure, poroplastic 
does not scatter light but is transparent. 
5. Strong, crystalline and noncross-linked. 
The release of the agent from ultramicroporous cellulose 
triacetate is basically, diffusion-controlled. The difference in the 
release rates between the film and powder forms can be explained 
by the difference in surface area-to-volume ratio between the film 
and powder. The controlled release process can be considered to 
occur in three stepc: (1) impregnation (2) fixation and (3) diffusional 
release. The controlled release applications of ultramicroporous 
cellulose triacetate products depend on its regulated pore size, shrinkage, 
deformation and liquid or vapor expulsion. 
Hi. Hydrogels 
Hydrogels are polymeric materials that absorb substantial 
amounts of water, forming three dimensional network with an equili-
brium water content. Hydrogels may contain entrapped within them 
such active chemicals as antibiotics, antibacterial agents, contracep-
tives, anticancer drugs and even macromolecules such as proteins ' 
Transport across a hydrogel membrane is largely a function of the 
water solubility of the agent and involves primarily the entrapped 
aqueous phase rather than dissolution of the agent in the polymer 
CO 
itself. Some synthetic polymers especially the hydroxy alkyl acry-
lates, gained significance because of the ease of adjusting their 
27 
permeability via the degree of hydration a property that can be 
varied by changing the comonomer ratios, cross-linking agent concen-
tration and conditions of polymerization. 
C) Monolithic systems 
In monolithic systems the active agent is uniformly dispersed 
in an inert polymeric or elastomeric matrix. The active agent is 
physically b ended with the polymer powder and the mixture is fused 
CO 
together or it is blended with elastomeric material in presence 
59 
of some add'tives . 
In either case, the active agent dissolves in the polymeric 
or elastomi ric matrix, generally until saturation is reached. As 
the agent f.vaporates or is otherwise removed from the surface or 
the monolithic device, more agent diffuses out from the interior 
to the surface in response to the decreased concentration gradient 
leading to tie surface. 
A monolithic device can be categorised into two, depending 
on the nati re of the polymer as erodible and non-erodible 
systems. 
(a) Eroc 'ble systems 
In erodible systems the polymer used is either soluble in 
ambient fluids or degrades during its intended use and the release 
^' 
\ 
:^ 
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of the active agent is by diffusion and erosion etc. The basic advan-
tage of this system is that after the accomplishment of the device, 
I it chemically or biologically degrades effecting minimal contamination 
of the environment. 
(b) Non-erodible systems 
Whereas, a non-erodible system retain its polymeric matrix 
physically intact. In most of the cases, release of the active agent 
is triggered by an environmental agent, such as water, which plasti-
cizes the polymeric matrix allowing the physically bound active 
agent to diffuse out. 
Further, monolithic systems can on the basis of the active 
agents incorporation into the polymeric matrix, be classified in two 
ways as physically dissolved and physically dispersed in nonporous 
polymeric or elastomeric matrix. Each such classification of mono-
lithic device may be either erodible or non erodible system. The 
release rate characteristics of monolithic devices are governed by 
various factors. 
D) Laminated structures 
This type of controlled release system is a specialized form 
of monolithic device in which the active agent is impregnated in 
a layer between two plastic outer layers. The inner layer act as 
a reservoir for the active ingredient, protecting it from oxidation 
29 
and degradation by the environment. The release of active agent 
at the surface to the environment is by volatilization, thermal or 
ultraviolet degradation, alkaline or acid hydrolysis or mechanical 
contact by humans, insects, lainfall, wind etc. The active agent 
migrates from the reservoir layer to the surface due to an imbalance 
of chemical potential. The laminated sheets may be cut into strips, 
ribbons, wafers, flakes, confetti or even sprayable granules or powders 
convenient for various application. 
The release rate of the chemical is dependent on the concen-
tration of the stored chemical and the composition and or construction 
of the plastic layer components. Typical examples are silicon rubber, 
polyethylene, polyvinyl chloride and nylon films. The diffusant is 
able to pass through the nonporous membrane by absorption, solution 
and diffusion down a gradient of thermodynamic activity, and desorp-
tion. 
E) Other physical methods 
i) Osmotic pumps 
The use of osmotic pump technique as a physical method 
for controlled release of active agent is novel and useful. The osmotic 
f\ 7 
pump consists of the active agent along with the osmotic attractant 
such as sodium chloride, encapsulated by a semi-permeable membrane 
with a small orifice. When the pump is placed in an aqueous environ-
ment, the osmotic attractant draws water towards it through the 
30 
semi-permeable membrane, this happens due to the pressure difference 
on either sides of the membrane. As the osmotic attractant gets 
saturated with water, it gets pumped out along with the active agent 
through the orifice. Since the membrane coating can not expand, 
these devices deliver^ materials at low rates for several weeks. 
ii) Gels 
Sols on precipitation form jelly like materials known as gels, 
which are fluid, colloidal solutions. It is possible to obtain the dis-
persed phase as rigid mass enclosing all the liquid within it, if the 
conditions are set properly. Thus, the gels can be used as controlled 
release devices, if it can trap the active agent while gel formation. 
Gels were prepared by cross linking the macromolecules in the solu-
68 
tions and the advantage of these gels are that they form instanta-
neously , heating and cooling are not required. The gels release 
69 this contents in substantially linear fashion . 
Hi) Adsorption onto ion-exchange resins 
Adsorption of active agents onto ion exchange resins has 
70 been tried as a controlled release mechanism . Thus the adsorption 
forces of these resins would retard the release of an ionic species 
through an equilibrium favouring the resins adsorption sites. Renewal 
of this medium can result in very fast release. 
) 
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1.4 Scope of the Present Work 
Polymers have thus been widely used as a support for physisorp-
tion/chemisorption of pesticides and evaluated for controlled release. 
Although metal complexes with pesticides are known, there are no 
systematic studies for the evaluation of these complexes for con-
trolled release. In a bid to explore alternate technology, systematic 
studies on complexation of pesticides with metals as a technique 
for controlled release is proposed, envisaging the following advantages. 
Potential advantages of metal compleied pesticides 
Increase of persistence 
Complexation of pesticides with metals is designed through 
coordination of heteroatoms. Apart from the increased persistence, 
it is also conceived that formulation with medium persistence may 
result in, since the strength of the coordinate bond is in between 
the covalent and ionic bond. 
Introduction of bifunctionality 
Metals like Zn, Fe, Mn etc. are essential for the plants and 
hence termed as micronutrients. Some other metals (Zn, Cu, Co, 
Cr, Ni etc.) act as antifouling agents and fungicides. By complexation 
of appropriate to introduce bifunctionality. For example, pesticidal -
fungicidal; pesticidal - micronutrient; •• pesticidal - fungicidal. 
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^^ Conversion of non-systemic pesticides into systemic pesticides 
\ 
- ' V 
It is well known that complexation improves/imparts ionophoric 
• ' \ / ^ P character of pesticides. Thus conversion of non-systemic pesticides 
N,^ ^ ,/' into systemic pesticides can be effected. ^ f^ <^ -j f-•'^ c^ J^<>. t Vi'* J' 
Dust concentrates 
Liquid pesticides in particular, on complexation usually affords 
solid products, which can be used directly as dust concentrates. 
Increase of shelf life 
The shelf life of unstable, volatile or hydrolyzable pesticides 
can be prolonged on complexation. 
Further intercalation of pesticides in the interlamellars of 
metal-montmorillonite which is proposed by the author of this thesis, 
includes the following potential advantages. 
Potential ad-vantages of intercalated pesticide-metal-montmorillonite 
complexes 
Increase of persistence 
Here controlled release is dependent on two factors (1) cleavage 
of coordinated bond (2) diffusion of pesticides from montmorillonite 
interlayers. It is expected that they have longer persistence than 
pesticide-metal complexes. 
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Introduction of bifunctionality 
It is possible to introduce bifunctionality as explained in case 
of pesticide-metal complexes. 
Di^t concentrates 
As the products obtained through the intercalation of pesticides 
in the interlamellars of metal montmorillonite are solids; it is easy 
to obtain dusi formulations. Various concentrated dust formulations 
can be made, suitable for different purposes without any dilution 
since clay is itself a filler. 
Increase of shelf life 
It is possible to increase shelf life of photosensitive and unstable 
pesticides. 
Non-contamination 
Since the clay is the part of the soil, there is no contamination 
from the support. 
Toxicity 
Reduction of mammalian toxicity is predicted for the complexes 
intercalated in montmorillonite. 
34 
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CHAPTER U 
PESTICIDE - METAL COMPLEXATION : 
A TECHNIQUE FOR CONTROLLED RELEASE 
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2.0 INTRODUCTION 
The various techniques for designing controlled release systems 
are discussed in the previous chapter. They include use of slowly 
dissolving matrices, complexation with ion exchange materials, use 
of slightly soluble chemical derivatives and other avenues . 
Immobilization of pesticides or pharmaceuticals has been effected 
by low energy bonds originating from van der Walls forces (t\H, -1 Kcal/ 
mol) and hydrogen bonds ( AH, 1 to 10 Kcal/mol); medium energy 
2 bonds such as ionic ( AH, JO to 15 Kcal/mol) and coordinate or chelate 
linkages ( AH, - 50 Kcal/mol) and high energy bonds like covalent-
hydrolyzable bonds. The later high energy bonds are not essential 
always, since the activity of the immobilized species possessing such 
bonds can sometimes last for long periods. Besides, the cleavage 
of other covalent-hydrolyzable bonds present in the immobilized species 
into fragments may compete with the cleavage of species into free 
active ingredient in its entirety. Although, pesticides or pharmaceuticals 
immobilized by low energy bonds, give free active agent easily, the 
main disadvantage associated with this system is that the low energy 
bonds are very sensitive and fragile and eventually persistence of 
the system is very short. However, this approach has been suggested 
as a tool for controlled release application to only pharmaceuticals 
for selective purpose. 
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On the other hand, immobilization of pesticides designed and 
effected by medium energy bonds, like ionic and coordinate or chelate 
bonds project as a potential alternative for selective applications 
in controlled release systems. Moreover, the free active ingredient 
is preferentially cleaved and released in such systems. 
Complexation of pesticides with metals as a technique for con- -^ 
trolled release system, is not properly explored , although it has ^c ^ 
potential advantages including the enhancement of the persistence, 
long lasting shelf life, reduction of mammalian toxicity, conversion 
of non-systemic to systemic pesticides, apart ffom_ making available 
simultaneously, micronutrients along with pesticides. In addition 
to this, pesticide complexes of some metals may exhibit bifunctional 
bioactivity. Considerable amount of data is available on the stability 
4 
constants of metal complexes . 
Inadequate literature is available on metal complexation of 
pesticides as a means of controlled release system. Neogi and Allan 
first reported polymeric iron and aluminium chelates of the herbicide, 
4-amino-3,5,6-trichloro picolinic acid (picloram). Saturating a chelate 
3+ 3+ 
resin (Dowex A-1) with Fe or Al ions and subsequent elution 
of a column of the resin with the solution of herbicide resulted in 
the formation of metal complexes (Fig. 1). The preliminary study 
on bio-evaluation of metal chelates demonstrated that the chelated 
controlled release system with the herbicide was satisfactory. 
0 
il 
il 
CI 0 
HoN 
F I G - 1 
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Another system which supports the utility of metal complexes 
as a technique for controlled release, is the metal polymer of carboxylic 
acids (Scheme 1). The release of herbicide was found to vary from 
few days to years. Recently complexes of pesticides, like carbaryl, 
carbendazim and aldicarb with nickel, cobalt, manganese and iron 
are reported . 
2.1 Present Work 
The present work was undertaken to explore the feasibility of 
pesticide-metal complexation as a technique for controlled pesticide 
delivery systems. Such complexes should result from the formation 
of relatively weak bonds between the pesticide and the metal than 
with any other bonds in the system. The coordination bonds formed 
must cleave in the environment to release the free pesticide. If 
the metal in the complex is a micronutrient, then there is an added 
advantage of making available the micronutrients also to the applied 
system. With this objective in mind, pesticides like diazinon, chlorpyri-
phos and carboxin were complexed with copper (II) chloride and cobalt (E) 
chloride. 
The complexes were characterized and evaluated for their con-
trolled release activity. 
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2.2 Results and Discussion 
o 
The present work is a continuation of our previous work . The 
•work was initiated by the preparation of zinc complexes of carbendazim. 
They were characterized and evaluated for their controlled release 
behaviour. The complexes when placed in static water showed release 
of carbendazim for five weeks. The release rate was independent 
of the quantity of water initially taken. 
Diazinon, Chlorpyriphos and Carboxin were selected for the 
present studies, since they posses suitable sites for coordination with 
transition metals. 
2.2.1 General method of preparation 
Pesticide-Metal Complexes were obtained by heating the metal 
chloride (10 mmol) and the ligand (30 mmol) in triethyl orthoformate 
at 80°C under stirring for 6 h. The triethyl orthoformate solution 
was concentrated and the complexes, thus crystallized, were filtered, 
washed witYi petroleum ether (60-80°C), ether and dried in vacuum. 
Yields (50-76%). 
Cobalt and copper complexes of diazinon, chlorpyriphos and 
n J^carboxin are synthesized by using this general method. 
\ F 
2.2.2 Analyses 
A) Elemental analyses 
The elemental analyses (metal, sulfur, chlorine, nitrogen and 
45 
phosphorus) of the complexes are given in Table 1. 
B) Conductcffice 
-1 2 -1 
The molar conductance (Q cm mol at 298K) data of the 
complexes in dimethylformamide is given in Table 1 and indicate 
g 
that the complexes are essentially non-electrolytes ; i.e. neutral 
complexes. 
Hence, the elemental analyses and conductance data conforms 
to the molecular formula of the complexes as ML^X„, indicating 
a bidentate linkage of the ligand to the metal, (M-Co(lI) or CudI); 
L - diazinon, chlorpyriphos or carboxin; X = cl). 
Hence the complexes synthesized can be represented as shown 
below : 
Co(Diazinon)r, CL lA 
Cu(Diazinon)2 CU 2A 
CoiChlorpyriphos)^ CU 3A 
Cu(Chlorpyriphos)2 CL 4A 
Co(Carboxin)^ CL 5A 
CuiCarboxin)^ Cl^ 6A 
2.2.3 Thermogravimetric analysis (TGA) 
The TGA of the complexes showed losses in three steps as a 
function of temperature. The loss of weight in the complexes in 
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the first step may be attributed to the loss of water molecules. 
The water molecules appears to come from the moisture of the environ-
ment. The anhydrous complexes formed undergo a loss in the second 
q step which may be due to the elimination of the organic matter (pesti-
cide). The metal chloride is left behind. The metal chloride in the 
third step decomposes losing chlorine molecules. However, the residue 
obtained is metallic cobalt in the cobalt complexes and copper (II) 
oxide in the case of the copper complexes. 
The TGA scan of the complexes lA and 2A (Figs. 2 &. 3) show 
loss of three different groups of the complexes as a function of tempe-
rature and can be accounted by the following decomposition scheme : 
Complex lA 
50 - 125°C 
Co(Dia)^ Cl^. nH^O *- Co(Dia)^ Cl^ + nH O f (1) 
125 - 675°C 
Co(Dia)^ Cl^ ^ CoCl^ + 2 Dia t (2) 
675 - 750°C 
(3) CoCl^ 
Complex 2A 
Cu(Dia) Cl^ . 
^ Co + a „ f 
50 - 125°C 
nil n » 1 l i n n^J ^ Cu(Dia)^ Cl^ + nUp \ (4) 
Cu(Dia)^ Cl^ ^ CuCl^ + 2 Dia \ (5) 
125 - 650°C 
O. 
^"^^2 - ^ 0 - 75Q°C ^ " ° ' ^'2 ^ (^^ 
Dia - Diazinon 
00 200 300 400 500 600 700 
TEMPERATURE ( C) 
FIG. 2 TG CURVE OF lA 
2b% 
100 
100 200 300 400 500 600 700 
TEMPERATURE (*C) 
FIG.3 T6 CURVE 0 F 2 A 
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Equations (1) and (4) show the loss of water in the temperature range 
50-125°C, corresponding to the loss of two water molecules (4.75%) 
and a Mmter molecule (2.75%) from the complexes lA and 2A res-
pectively. In the second step [eq-(2) and -(5)] the complexes decompose 
to diazinon, which decomposes and is lost between 125-675°C. The 
percentage loss in the weight of the complexes lA and 2A was observed 
to be about 76 and 81 respectively, indicating that two diazinon mole-
cules are bound to the metal in each of the complex. Whereas, in 
the third step, equation (3) shows the loss of one chlorine molecule 
(8.5%) leaving metallic cobalt as residue and equation (6) indicates 
the loss of one chlorine molecule, along with the formation of copper(II) 
oxide (10.5%). 
The TGA scan of complexes 3A and 4A (Figs. 4 &. 5) shows 
the percentage loss of various groups with varying temperature and 
can be explained by the following decomposition scheme : 
Complex 3A 
50 - 150°C 
Co(Cp)^Cl^ . nUp »- Co(Cp}.^Cl^ + nH^i- (7) 
150 - 740°C 
Co(Cp)2Cl^ ^CoCl^ ^ 2Cpi (8) 
740 - 780°C 
CoCl^ »- Co + Cl^ i (9) 
100 
100 200 300 400 500 600 700 800 
TEMPERATURE (C) 
FIG.4 T6 CURVE OF 3A 
100 
100 200 300 400 500 600 700 800 
TEMPERATURE ("O 
FIG.5 TG CURVE OF 4A 
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Complex 4A 
50 - 100°C 
Cu(Cp)^Cl^ . nH^O *- Cu(Cp)^Cl^ + nH^Oi (10) 
100 - 725°C 
CuiCfO^Cl^ >• CuCl^ + 2Cp f (11) 
Cp = Chlorpyriphos 
The first step in the decomposition scheme for complexes 3A 
and 4A [eq.-(7) and -(10)] shows the loss of four (7%) and two molecules 
(4%) of water in the complexes respectively, in the temperature range 
indicated in the corresponding equations. In the second step, equations 
(8) and (11) account for the loss of 78% and 80.5%, i.e. two chlorpyri-
phos molecules in each complex, 3A and 4A respectively in the tempe-
rature range as indicated in the corresponding equations. Equation (9) 
represent the loss of one molecule of chlorine (8%), and the metallic 
cobalt remained as residue. The equation (12) indicates the loss 
of one chlorine molecule along with the formation of Cu(II) oxide (10%). 
The TGA scan of complexes 5A and 6A are shown in Figs. 6 &. 7 
respectively. Tne losses of various moieties of the complexes with 
varying temperatures can he explained by the following decomposition 
scheme : 
100 
100 200 300 400 500 600 700 
TEMPERATURE ( C) 
FIG.6 TG CURVE OF 5A 
100 200 300 400 500 600 700 800 
TEMPERATURE ( C) 
FIG.7 TG CURVE OF 6A 
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Complex 5A 
50 - 120°C 
Co(Car,^Cl^. nH^O *^ Co(Car)^Cl^ + nH^O ^- (13) 
120 - 680°C 
Co(Ca-),^Cl^ ^CoCl^ + 2Cari (14) 
680 ' 750°C 
CoCl^ ^ Co + Cl^ f (15) 
Complex 6A 
50 - 120°C 
Cu(Car)^Cl2 • nH^O »• Cu(Car)^Cl^ + nH^Oi- (16) 
120 - 660°C 
Cu(Car)^Cl^ ^CuCU + 2Cari (17) 
^"^^2 660-nO^C' ^^O ' "^h ' (''^ 
Car = Carboxin 
The first step in the decomposition scheme for complexes SA and 
6A [eq.-(13) and -(16)] shows the loss of two water molecules (6%) 
each in the temperature range 50-120°C. In the second step [eq.-(14) 
and -(17)], the two carboxin molecules are lost in both the complexes 
5A (73.5%) and 6A (72.5%) in the temperature range indicated in 
the corresponding equations. In the third step [eq.-(15)] the loss 
of one chlorine molecule (10.5%) is shown. This results in the formation 
of metallic cobalt as residue. Equation (18) shows the loss of one 
chlorine molecule along with the formation of copper(II) oxide (12.5%). 
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2.2.4 Infra red (IR) 
The IR and FT-IR spectral data are presented in Table 2. All 
the metal complexes exhibit three sharp bands in the FT-IR spectra 
corresponding to v(M-S), v (M-N) and v (M-Cl) in complexes lA - 4A 
and v(M-O) instead of v(M-N) in complexes SA and 6A. No such 
bands are present in the spectrum of the free ligand. The band which 
appears in the region 185-245 cm corresponds to v(M-Cl) for the 
complexes lA - 6A. The v (M-0) band appeared at 420-430 cm 
and the v(M-N) at 250-270 cm~^ in complexes lA - 4A. The v(M-S), 
V (M-N), V (M-Cl) and v (M-0) bands confirm the chelation of pesticides 
with metal through sulfur and nitrogen (lA - 4A),and sulfur and oxygen 
(5A and 6A) atoms. 
The P=S band which appears at 620 cm in diazinon and at 
560 cm in chlorpyriphos is shifted to 540 cm and 550 cm in 
11 12 the complexes lA & 2A and 3A &. 4A respectively ' . A sharp 
band at 1580 cm and 1540 cm in diazinon and chlorpyriphos assigned 
to \)(C=N) is considerably shifted to lower wavelengths in the com-
plexes lA - 4A indicating N coordination to the metal (Table 2). 
Thus, from the IR spectral data, it is evident that the chelate 
bonding of the ligand is bidentate to the metal in the complexes 
lA - 4A through the sulfur and nitrogen atoms. 
The v(C-S) band, appeared at 580 cm , in carboxin is shifted 
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to 550 cm in Complex 5A and 560 cm in Complex 6A. In the com-
plex 5A, the C-0 band at 1645 cm in carboxin is shifted to 1590 cm 
and also in the complex 6A, it is shifted to 1600 cm . The frequencies 
corresponding to NH group and C-O-C group appearing at 3330 cm 
and 1100 cm respectively in Carboxin remains unaltered upon comple-
xation. Thus, the chelate bonding of the carboxin ligand to the metal 
is through the sulfur atom of the ring and oxygen atom of the carbonyl 
group of the side chain. 
2.2.5 ESR 
The RT ESR powder spectrum of complexes 4A and 6A is chara-
cteristic of two g-values. Thereby the crystal field of copper is 
tetragonal i.e. axial symmetry. 
g-\alues 4A g„ - 1.93 3 v ~ ^'^^ 
g. = 2.06 
6A g„ = 2.26 Q'av = ^-^^ 
g^  = 2.049 
The RT ESR powder spectrum of the complex 2A is characteristic 
of three g-vhlues. Hence, the crystal field of copper in the complexes 
is orthorhombic. 
g-values 2A 9i ~ 2.169 
g^ = 2.138 g^^ - 2.123 
% = 2.062 
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V 
The g-valu.es for the powder (polycrystalline) spectra of all the com-
13 plexes are obtained following F.K. KNEUBUHL's analysis . A typical 
spectrum is given in Fig. 8. 
Oil the basis of the analytical and spectral data, the molecular 
and structural formula of diazinon-metal chloride (2:1) complex, chlor-
pyriphos-metal chloride (2:1) complex and carboxin-metal chloride 
(2:1) complex may be proposed as shown in Fig. 9. 
2.3 Experimental 
2.3.1 Measurements and materials 
IR and FT-IR spectra were recorded in Perkin Elmer 283-B 
and Digiiab FTS-14 respectively. ESR spectra were recorded on Bruker, 
at Central Salt &. Marine Chemicals Research Institute, Bhavnagar, 
Gujarat State. Conductivities were measured on a Digisun DI-909. 
Standard methods were used for determining the elements. Freshly 
prepared diazinon, chlorpyriphos and carboxin were procured from 
the Pesticide Division, Regional Research Laboratory, Hyderabad, 
Andhra Pradesh. Anhydrous metal salts and solvents were used. 
2.3.2 Synthesis of pesticide-metal complexes 
A) Diazinon complexes 
^\i) Coblat-Diazinon complex 
Cobalt chloride (Ig, 4 mmol) was dissolved in triethyl orthoformate 
(75 ml) in a 250 ml R.B. flask fitted with a condenser. To this, diazinon 
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(3.83 g, 12 mmol) dissolved in triethyl orthoformate (25 ml) was added. 
The reaction mixture was heated at 80°C under stirring for 6 h. 
After 6 h, the product precipitated out. For complete recovery of 
the complex the triethyl orthoformate solution was concentrated 
under reduced pressure. The complex was filtered, washed with petro-
leum ether (60-80°C) (3 x 10 ml) and finally with ether (2 x 10 ml) 
to remove free ligand from the complex. The complex was dried 
under vacuum. Yield 70%. 
ii) Copper-Diazinon complex 
This complex was prepared in a manner analogous to the prepara-
tion of cobalt-diazinon complex. Here copper chloride (Ig, 5.8 mmol) 
and diazlnon (5.35 g, 17.5 mmol) were taken in triethyl orthoformate 
(100 ml). Yield 73%. 
B) Chlorpyriphos complexes 
i) Cobalt-CMorpyriphos complex 
Cobalt chloride (Ig, 4 mmol) was dissolved in triethyl orthoformate 
(75 ml) in a 250 ml R.B. flask fitted with a condenser. To this, chlor-
pyriphos (4.42g, 12.6 mmol) dissolved in triethyl orthoformate (25 ml) 
was added. The reaction mixture was heated at 80°C under constant 
stirring for 6 h. After 6 h, the product precipitated out. For complete 
recovery of the complex, the triethyl orthoformate solution was concen-
trated under reduced pressure. The complex was filtered, washed 
56 
with petroleum ether (60-80°C) (3 x 10 ml) and finally with ether 
(2 X 10 ml) to remove free ligand from the complex. The complex 
was dried under vacuum. Yield 76%. 
ii) Copper-Chlorpyriptvos complex 
This complex was prepared in a manner analogous to the prepara-
tion of cobalt-chlorpyriphos complex. Here copper chloride (Ig, 5.8mmol) 
and chlorpyriphos (6.172g, 17.6 mmol) were taken in triethyl ortho-
formate (100 ml). Yield 72%. 
C) Carboxin complexes 
i) Cobalt-Carboxin complex 
Cobalt chloride (Ig, 4 mmol) was dissolved in triethyl orthoformate 
(75 ml) in a 250 ml. R.B. flask fitted with a condenser. To this, 
carboxin (2.97 g, 12.6 mmol) dissolved in triethyl orthoformate (25 ml) 
was added. The reaction mixture was heated at 80°C under constant 
stirring for 6 h. After 6 h, the product precipitated out. For complete 
recovery of the complex, the triethyl orthoformate solution was concen-
trated under reduced pressure. The complex was filtered, washed 
with petroleum ether (60-80°C) (3 x 10 ml) and finally with ether 
(2 X 10 ml) to remove free ligand from the complex. The complex 
was dried under vacuum. Yield 55%. 
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ii) Copper-Carboxin complex 
This complex was prepared in a manner analogous to the prepara-
tion of cobalt-carboxin complex. Here copper chloride (Ig, 5.8 mmol) 
and carboxin (4.14g. 17.5 mmol) were taken in triethyl orthoformate 
(100 ml). Yield 50%. 
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CHAPTER m 
NEW INTERLAMELLAR PESTICIDEMETAKW-MONTMORILLONITE 
COMPLEXES : A NOVEL TECHNIQUE FOR CONTROLLED RELEASE 
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3.0 INTRODUCTION 
Pesticide immobilization for controlled delivery system using 
various polymers, both natural and synthetic, by physically trapping 
or chew'icolly binding is well known. The search for cheap and suitable 
materials as supj)orts for controlled release of active agents still 
remains important. 
The use of montmorillonite, a smectite clay, though widely 
applied in the immobilization of enzymes and catalysts has not been 
explored in the field of pesticide controlled release system. 
Hence, it was felt appropriate to investigate the immobili-
zation of pesticides via complexation in the interlamellars of mont-
morillonite functionalized with transition metals as a novel technique 
for controlled release. 
* 
3.1 Structure of Montmorillonite 
Montmorillonite belongs to the family of hydrated layer 
silicates and to the group smectites, the swellable clays. It is made 
up of aluminosilicate layers arranged parallel to each other. The 
layers are separated by exchangeable hydrated cations, usually alkali and 
alkaline earth msM cations. Each aluminosilicate layer is composed of 
* 
Montmorillonite is named after Montmorillon, Vienne, France from 
where many early samples originated. It is also known as Bentonite. 
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a central plane of octahedral aluminium ions sandwiched between 
two layers of silica-oxygen tetrahedra. The existence of two tetra-
hedral sites (upper and lower) and a central octahedral site within 
a layer allows to classify montmorillonite into a 2:1 smectite clay. 
This structural designation differentiates smectites from 1:1 clay 
minerals such as Kaolinites, in which the layers are formed by the 
condensation of one tetrahedral and one octahedral sheet . The 
aluminium ions present in the lattice occupies two-thirds of the 
possible octahedral sites. Therefore, it is called a dioctahedral 
clay, unlike in hectorite a trioctahedral clay where all the octahedral 
positions are occupied by divalent magnesium . To sum up, mont-
morillordte is a 2:1 dioctahedral swelling phyllosilicate belonging 
to the class smectite. 
The nature and origin of interlayer cations, and its swelling 
property is interpreted by a theory proposed by Hofmann, Endell 
2 
and Wilm in 1933 (Fig. 1) and is based on the structure of pyrophyllite 
(a neutral, 2:1 dioctahedral clay). 
According to this theory the layers are formed by the conden-
saiion of linked two dimensional silica-oxygen tetrahedra. The indi-
vidual tetrahedra are linked with neighbouring tetrahedra by three 
oxygens (basal-oxygens) and the fourth tetrahedral oxygen (apical-
oxygen) points in a direction normal to the sheet and at the same 
time forms part of an immediately adjacent octahedral sheet, in 
which the individual octahedra are linked laterally by sharing octahedral 
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Fig. I The Hofmonn-Endell-Wilm structure of montmorilionite 
loyer viewed olong the a oxis. 
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edges. The common place of junction between the tetrahedrcl and 
octahedral sheet consists of oxygen plus unshared hydroxy groups. 
In order to accomplish this type of linkage, the upper tetra-
hedral sheet must be inverted so that its apical oxygen points iown 
and can be shared with the octahedral sheet below, in other words 
the octahedral sheet is sandwiched between the inwardly pointed 
tetrahedra. Both the octahedral anion planes are of same oxygen 
and hydroxy composition. 
3.1.1 Cation exchange capacity (CEC), intercalation and swelling 
Montmorillonites are good cation exchangers and to explain 
3 4 
this cation exchange capacity (CEC) Marshall and Hendricks inde-
3+ pendently suggested isomorphous substitution of Al by cation of 
2+ 
same size but less charge, eg., Mg in the octahedral sheet. As 
a result the neutral layer is turned negatively charged. The positive 
charge deficiency arising as discussed above is compensated by sorption 
of hydrated extraneous cations, which are exchangeable. Thus the 
general formula of the sheet is M x/n. yH20 (Al. ^ Mg ) (Si^ n^^pn 
(OH).. It was noted, however, that the CEC was sometimes higher 
than expected on the basis of the negative charge generated by 
replacement within the sheets. 
Montmorillonite exhibits CEC equivalent to 80-150 meq/lOOg 
and has a layer charge (x) of 0.2 to 0.6 electron/unit. 
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Neutral and positively charged organic substances form clay-
organic complexes in the interlamellars and the intercalates lie either 
parallel or perpendicular to the clay sheet . Similarly water is 
sorted in integral number of complete layers to form clay-aqueous 
complexes and is evident from XRD d^^. spacings 12.4, lb.4 and 
0 
19.0 A respectively for mono-, di-, and tri-layer complexes. 
The above properties and the ease with which the d^^, spacing 
changes on intercalation in various solvents made montmorillonite 
an ideal choice as pendent support. They are successfully employed 
6-8 in recent years for proton catalyzed clay conversions , intercalated 
9 910 
clay catalysts and pillared clays ' . 
3.2 Intercalation of Organic Compounds 
3.2.1 Mechanisms 
A) Adsorption 
The adsorption of organic compounds by clay is well known. 
Montmorillonite shows greater adsorption than illite and kaoUnite 
due to its larger hydratable surface in inter layers. Its capacity 
to take up pesticides as either uncharged or the cation form is greatly 
enhanced when the organic species can penetrate the interlayer 
space of mineral. Adsorption of organic compounds by clay minerals 
depends mainly on the CEC, the strength of the negative charge, 
the specificity of adsorption sites and the nature of the cation on 
63 
the exchange complex . When an organic compound is adsorbed 
12 
on a clay mineral, the ion-exchange property of the latter changes . 
An organic compound must have some polarity in order to 
13 penetrate into the basal surfaces of montmorillonite . Many organic 
pesticides are polar in nature and are subjected to adsorption between 
two ditetrahedral sheets. This is also referred to as interlayer (basal) 
adsorption. Pesticides adsorbed in this manner are not active and 
14 
are frequently shielded from microbial degradation . 
B) Complexation 
The types of organic complexes formed with 2:1 clay minerals 
can be classified according to the bonding mechanism involved . 
Hence, the types of bonds are : 
i) Cationic bonding 
In this type of complex the organic material enters the inter-
lamellar space in the form of a positive ion . The polyvalent cations 
of paraquat (l,l'-dimethyl-4,4'-dipyridilium dichloride) and diquat 
(l,l'-ethylene-2,2'-dipyridilium dibromide) are selectively bound by 
minerals on which the charge density is such that the separation 
of charges corresponds to that of the organic cation, suggesting 
that the negative charges on the clay mineral surface are effectively 
discrete . 
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ii) Anionic bonding 
Picloram, benzoic acids and their derivatives are adsorbed 
18 in the anionic form in the interlamellar space . 2,4-D and 2,4,5-T 
are negatively adsorbed by sodium-montmorillonite between pH 10 
19 20 
and 4 ' .All these pesticides possess a carbonyl group. 
Hi) Covalent bonding 
In these complexes, the interlamellar materiaL is bound 
directly to the montmorillonite layer by covalent or homopolar bonds. 
The complexes are formed by treatment of dry montmorillonite 
21 
with active organic reagents. Berger reported methylation of 
H-montmorillonite by treating with diazomethane: 
H-Mont + CN^H^ * CH^-Mont + N„ 
Reaction of thionyl chloride with hydrogen or sodium montmorillonite 
results in the formation of chloro-montmorillonite. This chloride 
22 
can further be replaced by esters, alkyls and aryl derivatives . 
Mont-OH + SOCl^ >• Mont-Cl + SO^ + HCl. 
iv) Hydrogen bonding 
Hydrogen bonding becomes very significant for large mole-
cules or polymers in forming relatively stable complexes. Hydrogen 
bonding can occur on clay surfaces with the surface oxygen and 
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23 protons of adsorbed water . Organic compounds with carbonyl 
groups are adsorbed on clay as a result of hydrogen bonding between 
the double bonded oxygen of the carbonyl group and a hydrogen 
24 
atom of the clay lattice . Hydrogen bonding occurs between NH 
25 group of alkylammonium ions and oxygen of the silicate layer . 
Likewise, hydrogen bonding is possible with other compounds containing 
suitable functional groups. 
v) Coordination bonding 
Non-ionic polar organic compounds are directly attached 
to the central metallic atom by coordinate bond in the interlayer 
of 2:1 clay minerals. The coordinated complexes are prepared by 
saturating 2:1 clay minerals with transition metals. Cr, Mn, Fe, 
Co, Ni, Cd, Cu and Zn are capable of participating in coordination 
type of bonding. 
Stable intercalated transition metal complexes have been 
earlier synthesized, first by exchanging transition metals with exchange-
able cations in the montmorillonite followed by complexation with 
organic ligands. Thus, a square-planar 4 to 1 complex was formed 
with ethylamine in Cu-montmorillonite . In complex formation, 
even alcohols and water can compete for positions surrounding the 
31 32 
cation ' . Coordination around the cation has been observed for 
many polar molecules, such as ketones, amides, pyridine, amino-acids 
etc . Similar to the coordination of organic molecules to the 
66 
exchangeable cations in homogeneous conditions, the clay-minerals 
exchanged with transition metal ions favours complexation with 
organic ligands. Typical examples include the nickel-acetonitrile 
33 
complex in which the organic molecules are arranged in pseudo-
0 
tetrahedral form around the cation. The 13.5 A spacing obtained 
with Ba-montmorillonite, an increase which is ascribed to the tetra-
hedral configuration. Free complexes of Ni(n) with acetonitrile 
show octahedral coordination. 
Ethylenediamine was treated with Cu-montmorillonite to 
2+ yield an interlamellar complex (EDA)^ Cu with a spacing of about 
12.5 A' . In the HCN complex of Cu-montmorillonite, CN ions 
35 
are present as well as neutral molecules and also benzene complexes 
with Cu(n)-montmorillonite which are formed in three types are 
^ ,36-38 
reported 
3.2.2 Intercalated organic complexes : Complexes with different 
functional groups 
A) Organic acids 
In the previous section, the pesticide complexes of paraquat, 
diquat, picloram, 2,4-D, 2,4,5-T etc. have been discussed and mechanism 
of complexation has been indicated. In the case of 2,4-D ' , 
IR analysis of 2,4-D-montmorillonite indicates bonding mechariisms 
with varying energies, but coordination of 2,4-D to exchangeable 
41 
cations through water bridging is an important mechanism . In 
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addition to coordination and hydrogen bonding, organic acids can 
be adsorbed by forming salts with the exchangeable cations . Watson 
42 
et al suggested that 2,4-D anion can be adsorbed by weak bonding 
of the carbonyl group to the positive sites on the hydrophobic aromatic 
ends away from the surface. 
B) Amides 
Amides are capable of forming coordination complexes with 
44 
metal cations on the clay complex through the oxygen of the amide 
and can link either directly or through a water bridge to a cation 
45 
on the exchanged complex . Polyacrylamide can coordinate with 
the exchangeable metal ions on montmorillonite and form stable 
46 
complexes . In the early stages of adsorption, the amide molecule 
29 47 
coordinates to the inter layer cation through oxygen ' and when 
the coordination requirement of the cation is satisfied, the excess 
amide may be hydrogen-bonded to the cation-linked amide and/or 
to the oxygen of the silicate layer . 
C) Organophosphates 
Organophosphates are adsorbed on clay minerals and the 
amount adsorbed depends on the nature of the saturating cations 
on the exchange complex. Organophosphates compete with water 
for adsorption sites on clays. Parathion, an organophosphate has 
two functional groups (N0„ and P=S), and either can interact with 
68 
48 
clay to form a direct coordination complex or a water bridge complex 
The organophosphate which has a carbonyl group, as in malathion 
and dimecron, the adsorption mechanism is through hydrogen bonding 
between the carbonyl oxygen and the hydration water shell of cations 
on the exchange complex ' . In dehydrated systems, direct ion-
dipole interaction occurs between the carbonyl oxygen atoms and 
the cation on the exchange complex ' . The bonding mechanism 
48 for parathion in soil as suggested by Saltzman and Yariv are : 
S 
P-0- / / \^ N 
0--' 
or V + 
0--H--M 
and/or 
S—M . . 0 
l-o-Y/ W \=y \ or 
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3.3 Applications 
3.3.1 Immobilization of enzymes and catalysts 
Recent interest has been focussed on the intercalation of 
various substrates in the montmorillonite a a technique for novel 
applications such as enzyme immobilization and anchored catalysis. 
Kijima et al for the first time reported , the preparation of a host 
compound consisting of two components, one layered and one single 
channel-like, in which dimers of 1:1 complex of Cu(II) with mono-
(6- 3 -aminoethylamine-6-deoxy)- 3 -cyclodextrin (CDen) were formed 
in a stable condition and are closely packed between the silicate 
layers of montmorillonite, with their opening, faces parallel to the 
interlayer surface (Fig. 2). This compound is unique because the 
cyclodextrin which it takes up as a guest component can also act 
as host for many substances. In view of the enzymatic function 
of cyclodextrins, this class of compounds seems promising for use 
as an immobilized artificial enzyme and in models of membrane 
enzymes. The X-ray diffraction patterns of the wetted and dried 
forms of the Cu(II)-montmorillonite-CDen complex were recorded. 
0 
Cu(II)-montmorillonite has an interlayer spacing of 14.1 A. The 
interlayer spacings of the wetted and the dried forms of the complex 
0 
were 39.2 and 33.4 A, respectively. The dried CDen-Cu(II)-montmorillo-
0 
nite exhibited an expansion in its layer by 23.9 A more than that 
0 C 
in the fully collapsed form of its inorganic component, 9.5 A . 
This increase in interlamellar spacing clearly indicates the metal 
complexation. 
Silicate layer 
a '\ 23-9 A 
Silicate layer 
Silicate layer 
23 9A 
Sil icate layer 
• -C # - 0 0 - N 0-Water molecule 
FIG. 2 PR^OSED MODELS FOR CDen MOLECULES 
IN THE INTERLAYER OF Cu(II)-MONTMORI-
LLONITE. 
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Further, the amounts of CDen, Cu(lJ) ion and water in the 
dried solid were determined by thermogravimetric(TGA) or atomic 
absorption analysis, which indicates the molar ratio of CDen to Cu(II) 
in the solid to be 1:1. The intercalated CDen cannot be removed 
by suspending the solid in water. 
In our laboratory, transition metal complexes have been 
anchored via a functional group covalently bound in the interlayer 
of montmorillonite. These complexes have shown tremendous catalytic 
activity in comparison with analogous polymer-anchored complexes. 
Several aromatic molecules form radical cations when treated 
with CudI), Fe(II) , or VOGD-smectite^^'^^'^^'^K These radical 
cations may then undergo polymerization for example, benzene forms 
p-polyphenyl polymers of various molecular weights and anisole 
59 forms 4,4'-dimethoxybiphenyl . The development of such radical 
cations in relatively mild reaction conditions suggests unique effects 
of the negatively charged silicate surface in promoting their formation. 
3.3.2 Detoxification 
Various methods are available for the detoxification of hazar-
dous chemicals like diazinon, dursban and dioxin but the development 
of an effective and economically feasible method is desirable. Boyd 
and Mortland reported the formation of dibenzo-p-dioxin radical 
cation and its polymerization on Cu(II) smectite. In this process 
71 
an electron is transferred from dioxin to CudI) reducing it to Cud) 
and producing the radical cation of dioxin. The existence of radical 
cation was confirmed by ESR, U.V. visible, IR and mass spectrometry. 
Some organic phosphate insecticides adsorbed by Cu(II)-mont-
morillonite are inactivated by a coordination hydrolysis mechanism . 
Cu(II) catalyzes the hydrolysis of organic phosphate pesticides, like 
diazinon and dursban in a pH range of 5 to 6 whereas dursban is 
normally stable at pH 6.0. The pathway for hydrolysis of dursban 
in pH range 5-6 may follow the following scheme : 
OC2H5 
H?0-Cy ^ P ^ 
-Cu 2+ 
+ 
HO .OC2H5 
p 
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The coordination of diazinon and dursban to Cu(U) is suggested to 
be bidentate through nitrogen in ring structure and sulfur on the 
side chain. 
ESR spectrum of Cu(II)-smectite-dioxin complex demonstrates 
the existence of the dioxin radical cation. The Cu(II) ESR signals 
were not observed in the dioxin spectrum indicating that paramagnetic 
CudD was reduced to diamagnetic Cu(I) by electron transfer from 
dioxin to Cu(//j. The radical cations may be polymerized to form 
dimer and trimers. Radical cations of 1- and 2-chlorodibenzo-p-
dioxin were also formed on Cu(II)-smectite. 
This work projects as an alternative method for detoxification 
of dioxin through catalysis by a single mineral material. The added, 
advantages are the reaction conditions are mild, and a cheap and 
easily prepared clay mineral is used. 
Additional research may reveal the possibilities of reacting 
the radical cations of dioxin in the clay with other organic species 
to yield different kinds of reaction products which might be more 
desirable than polymers of the dioxin itself. The reactive radical 
species may also be subjected to other kinds of reactions leading 
to the formation of less toxic products. 
64 Fusi et al reported adsorption of carbaryl with homoionic 
montmorillonite and its catalytic degradation. 
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3.3,3 Stabilization 
Sensitivity to sunlight is a principal factor that inhibits the 
effective application of many pesticides. Despite the high insecti-
cidal activity of some nitromethylene heterocyclic compounds, they 
are of limited pracical use due to their extreme photolability. 
Photostabilization may not be achieved merely by structural altera-
tions of the pesticide molecules, but requires the use of external 
additives. The new method of photostabilizing pesticides involves 
adsorption on the surface of clays of the biologically active molecule 
and another organic chromophore. 
The photochemical stability of the insecticidal compound 
tetrahydro-2-(nitromethylene)-2H-l,3-thiazine (NMH) adsorbed on 
montmorillonite in the presence or in the absence of a second organic 
chromophore was reported recently . Samples of free NMH and 
of the adsorption complexes Mont-NMH, Mont-MG-NMH, and Mont-
TFT-NMH was e:'posed to direct sunlight, and the residual insecticidal 
activity was estimated. It was observed that photostabilization 
is probably due to clay-NMH interactions in the Mont-NMH and 
Mont-MG-NMH complexes. 
3.4 Present Work 
Montmorillonite has been employed as a support to various 
catalysts, enzymes, transition metal complexes, oligomeric complexes 
74 
acting as pillars. In addition to this montmorillonite has also been 
used for detoxification of pesticides. 
In view of the above described applications it is desirable 
to pursue the feasibility of the entrapped transition metal complexes 
of pesticides in the interlayers of montmorillonite as a technique 
for controlled release application. Further this technique has poten-
tial advantages like enhancement of persistence, reduction of mamma-
lian toxicity and long lasting shelf life of pesticides. 
The present new technique for controlled release of pesticides, 
involves the immobilization of pesticides namely diazinon, chlorpyri-
phos, carboxin and carbendazim, via complexation with transition 
metal in the interlamellars of smectite clay. Synthesis and chara-
cterisation of pesticide-metaldD-montmorillonite complexes (pesticide-
clay complexes) are presented in this chapter. 
Controlled release studies of these complexes by chemical 
and bioassay methods are reported in the fifth chapter. 
3.5 Results and Discussion 
Although clay complexes with pesticides have • been known, 
most of the structural data has been proposed on assumption not 
giving any proper evidence. 
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In this chapter, the preparation of eight pesticide-metal(Il)-
montmorillonite complexes (diazinon, chlorpyriphos, carboxin and 
carbendazim) is described. The structures of all the intercalated 
pesticide-metaKID-montmorillonite complexes are proposed based 
on analytical and spectral evidences. 
3.5.1 General methods of preparation 
A) Na-Montmorillonite 
The Na-montmorillonite was prepared by suspending commer-
cial montmorillonite KIO in excess aqueous sodium chloride solution 
f\f\ 
for 6 h . Na-montmorillonite was separated by centrifuging.. lushed 
free of chloride by deionized water and vacuum dried at 80°C for 
6 h to remove water. The traces of interlayer water was further 
removed by washing with dry ethanol followed by drying under suction . 
B) Cu(U)-MontmoriUonite and Co(n)-Montmorillonite 
Na-Montmorillonite was stirred with a saturated solution 
of copper chloride for 72 h. The resulting Cu(II)-montmorillonite 
was separated by centrifuge and washed free of chloride by deionized 
distilled water and vacuum dried at 80°C for 6 h to remove water 
f\ 7 
and further traces of interlayer water was removed . Similarly 
Co(II)-montmorillonite was obtained. The alternative method to obtain 
Cu(II)-montmorillonite is that the commercial montmorillonite be 
soaked in a l.OM CuClr, solution at 25°C for 10 days . 
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C. Preparation of pesticide-metal(U)-montmorillonite complexes ; 
General procedure 
Pesticide-metalGD-montmorillonite complexes were prepared 
by refluxing the metaKID-montmorillonite and the pesticide ligand 
(metal to ligand ratio is 1:3) in methanol for 6 h with constant stirring. 
The reaction mixture was filtered, washed with petroleum ether 
(60-80°C), ether and dried in vacuum, whereas the carbendazim com-
plexes, were washed with hot ethanol and dried in vacuum. 
The pesticide-metal(II)-montmorillonite complexes, thus synthesised by 
this general method are : 
Diazinon-Co(II)-montmorillonite IB 
Diazinon-Cu(II)-montmorillonite 2B 
Chlorpyriphos-Co(II)-montmorillonite 38 
Chlorpyriphos-Cu(n)-montmorillonite 43 
Carboxin-Co(II)-montmorillonite 5B 
Carboxin-CudD-montmorillonite 6B 
Carbendazim-Co(II)-montmorillonite 7 
Carbendazim-Cu(II)-montmorillonite 8 
3.5.2 Elemental analysis 
Montmorillonite (commercial Fluka, KIO) has a nominal chemi-
cal composition in weight percent as follows : SiO^, 7.00; Al^O„, 
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14.0; Fe^O^, 4.5; CaO, 1.5; MgO, 2.0; Nap, 0.5; and K^O, 1.5 (loss 
2 
on ignition 7.0%). It has a surface area of 220-270 m /g, cation 
exchange capacity (CEC) of 1.2 Meq/g and bulk density of 800-850 g/1. 
The pe'centage of Coill) and CudI) in exchanged form of montmorillo-
nite is 6.4 and 6.0 respectively. Pesticide-metal(II)-montmorillonite 
complexes 1B-4B were analyzed for sulfur, phosphorus and nitrogen 
and in addition, complexes 3B and 48 were also analyzed for chlorine. 
Carboxin clay complexes SB and 6B were subjected for sulfur and 
nitrogen analysis, whereas complexes 7 and 8 were analyzed for 
nitrogen. 
The elemental analyses data for all the pesticide-metal(II)-
montmorillonite complexes are tabulated in Table 1. This data indi-
cates the exchanged metal(II)-Pesticide ratio to be 1:1 for all the 
clay complexes. 
3.5.3 Thermogravimetric analysis (TGA) 
The TGA scan of all the clay complexes exhibits the loss 
in two steps. The first step takes place between 50-130°C and may 
be attributed to the loss of water molecules. The water molecules 
may be possibly from the solvent or atmosphere. No loss of weight 
was observed from all the complexes between 130-180°C, except 
in the carbendazim complexes. This observation was between 130-250°C. 
This indicates the stability of the complexes in that temperature 
range. The anhydrous clay complexes decom^^e^^Jrom 180-650°C 
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except in the carbendazin complexes •which decomposes between 
250-650°C. The loss may be due to the loss of pesticide. 
A) Diazinon-clay complexes IB and 2B 
The TGA scan (Figs. 3 and 4) of diazinon-metal(II)-montmorillo-
nite complexes IB and 2B show losses of different groups of the 
clay complexes as a function of temperature. 
A loss in weight was observed in the temperature range 50-130°C 
which corresponds to a loss of 6% and 5.5% from the clay complexes 
IB and 2B respectively. This loss can only be due to the loss of 
water molecules, adsorbed by the clay complexes from the atmosphere. 
No loss was observed between 130-180°C due to the stability of 
the clay complexes of diazinon in this temperature range. Further, 
in the temperature range 180-610°C, the percentage loss from the 
clay complexes IB and 2B was observed to be 23 and 21 respectively, 
which is from the loss of diazinon. The loss of diazinon indicates 
that the exchanged metal-ligand ratio in the clay complexes is 1:1. 
B) Chlorpyriphos-clay complexes SB and 4B 
The TGA scan of clay complexes 3B and 4B is shown in Figs.5 
and 6 respectively. The loss of water was observed between 50-130°C. 
The loss of chlorpyriphos was noticed between 180-660°C. No loss 
was observed in the temperature 130-180°C in both the complexes. 
Hence, these complexes are stable in this temperature range. A 
loss of 5% in complex 3B and 6.5% in complex 4B in the temperature 
100 
100 200 300 400 500 600 700 
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FIG. 3 T6 CURVE OF I B 
100 200 300 400 500 600 700 
TEMPERATURE (*C) 
FIG. 4 TG CURVE OF 2B 
100 
100 200 300 4 0 0 5 0 0 6 0 0 7 0 0 
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FIG. 5 T6 CURVE OF 3B 
•100 
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Fl<3.6. TG CURVE OF 4B 
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range 50-130°C was found. The loss of pesticide from the anhydrous 
clay complexes 3B and 4B was 27% and 24% respectively. This 
suggests that the metal-ligand ratio is 1:1. 
C) Carboxin-clay complexes SB and 6B 
The losses in weight with varying temperatures from the 
clay complexes SB and 6B was observed to take place in two steps 
(Figs. 7 and 8). In the temperature range S0-120°C, the loss of 
5.5% of water was observed from each of the clay complex SB and 
6B. In the second step, the loss was 19.5% and 18.5% from SB and 
63 respectively corresponding to carboxin. This loss of carboxin 
indicates the metal-ligand ratio to be 1:1. Further in the TGA scan 
no loss in weight from the complexes SB and 6B was observed in 
the temperature range 120-140°C and 120-150°C respectively, may 
be indicative of the stability of the clay complexes in this temperature 
range. 
D) Carbendazim-clay complexes 7 and 8 
In the clay complexes 7 and 8 also, loss of water was noticed 
between 50-130°C (Figs. 9 and 10). The percentage loss observed 
in each of the clay complex was 6. The clay complex 7 is stable 
in the temperature range 130-250°C and complex 8 in the range 
130-270°C. Further both the complexes 7 and 8 show maximum 
loss in weight at 650°C. The loss observed in complex 7 is 17.5% 
5-57, 
100 200 300 400 500 600 700 
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(250-650°C) and in complex 8 is 16.5% (270-G50°C). This loss can 
only be due to the loss of carbendazim and it accounts for 1:1 metal-
ligand ratio. 
The various decomposition patterns of all the clay complexes 
are represented by the following schemes ; 
Clay Complex IB 
50-130°C 
Dia-Co(U)-mont. nH^O »• Dia-Co(n)-mont + nHM^ (1) 
130-180°C 
Dia-Co(Il)-mont »• Dia-Co(II)-mont. (2) 
180-600°C 
Dia-Co(n)~mont »• Co(II)-mont + Dia f (3) 
Clay Complex 2B 
50-130°C 
Dia-Cu(n)~mont.nH^0 *- Dia-Cu(n)-mont + nH^O^ (4) 
130-180°C 
Dia-CudD-mont *~ Dia-Cu(II)-mont. (5) 
180-610°C 
Dia-CudD-mont *- Cu(II)-moni + Dia f (6) 
Clay Complex 33 
50-130°C 
Cp-Co(II)-mont. nH^O »• Cp-Co(}I)-mont + nH^O f (7) 
130-180°C 
Cp-Co(n)-mont. ^ Cp-Co(n)-mont. (8) 
180-600°C 
Cp-Co(II)-mont. ^ Co(II)-mont + Cp f (9) 
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Clay Complex 4B 
50-130°C 
Cp-Cu(U)-mont. nH O •^ Cp-Cu(n)-mont + nHM^ (10) 
130-180°C 
Cp-Cu(II)-mont. *^ Cp-Cu(II)-mQnt (11) 
180-660°C 
Cp-CudD-mont. »- Cu(II)-mont + Cpi (12) 
Clay Complex SB 
50-120°C 
Car-Co(II)..mont. nH^O *^ Car-Co(n)-mont + nH^Oi (13) 
120-130°C 
Car-CodD-mont '^ Car-Co(II)-mont (14) 
130-630°C 
Car-CodD-mont *^ CodD-mont + Car i (15) 
Clay Complex 63 
50-120°C 
Car-Cu(II)-mont.nH^O *^ Car-Cu(II)-mont + nH^Of (16) 
120-150°C 
Car-Cu(II)-mont. ^^Car-CudD-mont (17) 
150-640°C 
Car-CudI)-mont ^ CudI)-mont + Car 1^ (18) 
Clay Complex 7 
50-130°C 
MBC-Co(II)-mont.nH^O ^ MBC-CodD-mont + nHJDidG) 
130-250°C 
MBC-CodI)-mont ^ MBC-Co(II)-mont (20) 
250-650°C 
MBC-CodD-mont *- Co(II)-mont + MBC t (21) 
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Clay Complex 8 
50-130°C 
MBC-Ca(U)-mont.nH^O *- MBC-CudD-mont+nH^Oi (22) 
130-270°C 
MBC-Cu(II)-mont. *^ MBC-Cu(II)-mont (23) 
270-650°C 
MBC-CudD-mont »- Cu(II)-mont + MBC f (24) 
Dia - Diazinon; Cp = Chlorpyriphos; 
Car - Carboxin; MBC = Carbendazim 
Mont = monimorillonite 
The TGA for all the clay complexes support the elemental 
analysis, conforming the exchanged metal to pesticide ratio as 1:1. 
3.5.4 X-ray diffraction (XRD) 
XRD was employed to register the change in interlamellar 
spacing or d^„, spacing following exchange with requisite cations 
and complexotion. The interaction of chemical species with Mont-
morillonite lattice in the interlamellars is thus confirmed by recording 
change in the d^,.. spacing. 
The interlayer spacing is calculated by employing the funda-
mental Bragg's equation, 
n - 2d sin 6 
The interlamellar spacing of various clay complexes are shown in 
Fig. 11 and illustrated in Table 2. 
FIG. II XRD PATTERNS FOR COMPLEXES 
2 B , 4 B , 6 B , AND 8B 
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The pesticide-metal(ll) -Montmorillonite complexes IB to 8 
o 
exhibit d„„. spacing in the region 16.365 to 17.327 A and these 
peaks are attributed to the complexation on to the ligand. Co(II)-
0 
montmorillonite has an interlayer spacing of about 13.81 A and Cudl)-
montmorillonite exhibit the interlayer spacing in the region 14.029 
to 14.225 A. Whereas in the fully collapsed form of montmorillonite 
o 
d^^j spacing is 9.5 A. 
The increase in interlamellar spacing clearly indicates the 
metal complexation in the interlamellars of the montmorillonite. 
Increase in d„„. spacing was earlier observed in intercalated transi-
g 
tion metal phosphine/carbonyl complexes in Clay . 
3.5.5 Infrared OR) 
IR was employed for identification of functional groups in 
montmorillonite lattice after complexation with the exchanged metals 
(Co or Cu) in all the complexes IB to 8. 
In addition to the characteristic montmorillonite absorption 
6R 
peaks the montmorillonite complexes IB to 8 exhibit two bonds 
in the FT-IR spectra corresponding to v (MS) and v(M-N) for com-
plexes IB to 4B and v(M-O) and v(M-N) for complexes 5B to 8 
69 
and their assignments are given in Table 3 (a &. b) . No such bands 
are observed in the spectra of the free ligands. The band in the 
region 185-235 cm appeared in the clay complexes IB to 6B is 
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assigned to v (MS). The band at 250-265 cm in complexes IB 
to 4B and 7 to 8 is assigned to v (M-N). The v (M-0) band appears 
at 420-435 cm" in complexes 68 to 8. The v(M-S), v(M-N) and 
V (M-0) bands confirm the bidentate chelation of pesticides with 
metal through S and N (IB - 4B), S and 0 (SB & 6B), and N and 
O (7 6c 8). 
-1 70 
The sharp bands at 1560 cm assigned to v(C-N) in diazinon , 
at 1540 cm in chloropyriphos and 1440 cm in carbendazim 
are considerably shifted to lower wave lengths, (1590, 1545 &. 1445 
respectively) in the complexes IB - 4B, 7 &. 8 indicating N coordination 
-1 70 
to the metal. The bands assigned to v(C=0) at 1645 cm in carboxin 
and at 1630 cm in carbendazim are considerably lowered in com-
plexes SB and 8 indicating coordination through O atom. Although the expected shift of v(P=S) to longer wavelengths 
in the region of 500-570 cm for the complexes IB - 4B from 620 
and 570 cm appeared for free diazinon and chlorpyriphos res-
pectively, is not observed due to the interference of montmorillonite. 
Likewise, many other bands corresponding to the ligand are not 
visible in their respective clay complexes (Fig. 12). 
3.5.6 ESR 
The RT ESR powder spectrum of complexes 2B and 4B is 
characteristic of two g-values. Therefore, the crystal field of copper 
is distorted tetragonal (axial symmetry). 
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g-values 2B g„ = 1.366 g^^ = 1.405 
g^ - L484 
4B g„ = 1.366 g^^ = 1.407 
g^ = 1.489 
The RT ESR powder spectrum of complexes 6B and 8 are characteri-
stic of three g-values. Hence, the crystal field of copper in these 
complexes is orthorhombic. 
g-values 6B g. ^ 2.29 
92 = 2-15 
g , = 2.03 
gj ^ 2.302 
92 = 2.12 
g^ = 2.05 
S^ ov 
^ov 
= 2.16 
= 2.15 
The g-values for the powder (polycrystalline) spectra of all the com-
71 plexes are obtained following F.K. KneubuhVs analysis . Typical 
spectrum is given in Fig. 13. 
— The elemental analyses and TGA data have shown that the 
ratio of metal(II)-pesticide is 1:1 in all the eight pesticide complexes. 
Further, TGA also accounts for the presence of water. X-ray diffrac-
tion patterns for the pesticide-clay complexes, which exhibited expan-
sion of the interlayers of the montmorillonite have indicated the 
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presence of pesticide moiety in the interlamellars of the montmori-
llonite in all the complexes. Chelation of pesticides \)ith metals 
has been confirmed by IR spectra. ESR spectra of copper complexes 
demonstrate that the copper is in second valence state with octahedral 
configuration. The water molecules have made up the vacant sites 
of coordinated sphere of metal complexes. 
In summary, pesticides have been chelated with metals in 
the interlamellars of the montmorillonite. 
3.6 Experimental 
3.6.1 Measurements and materials 
IR and FT-IR spectra were recorded on Perkin Elmer 283-B 
and Digilab FTS-14 respectively. XRD patterns were recorded on 
Philips PW-1057 diffractometer with Ni filtered CuK . „ radiation 
(= 1.54138). TGA was carried out on RRLH designed equipment. 
ESR spectra were recorded on Bruker, at CSMCRI, Bhavnagar. 
Standard methods were used for determining the elements (excluding 
the analysis of montmorillonite). Fluka grade montmorillonite KIO 
was used. 
3.6.2 Synthesis of pesticide-metal(II)-montmorillonite complexes 
A) Diazinon-clay complexes 
i) Diazinon-cobalt(II)-montmorillonite complex 
Diazinon (0.99Ig) was dissolved in methanol (100ml) in a 
90 
250 ml R.B. flask fitted with a condenser. To this solution, Ig of 
of Co-montmorillonite (Co, 6.4%) was added. The reaction mixture 
was refluxed under Constant stirring for 6 h. The clay complex 
was filtered, washed with petroleum ether (60-80°C) (3x10ml) and 
finally with ether to remove unreacted ligand. The complex was 
dried under vacuum. 
ii) Diazinon-coppeiiUhmontmorillonite complex 
This complex was prepared in a manner analogous to the 
preparation of Diazinon-cohaltdD-montmorillonite complex. Here 
Cu(lI)-montmorillonite (Ig, Cu, 6%) and diazinon (0.862g) were taken 
in methanol (100 ml). 
B) Chlorpyriphos-clay complexes 
0 Chlorpyriphos-cobalKW-montmorillonite complex 
Chlorpyriphos (1.142g) was dissolved in methanol in a 250 ml 
R.B. flask fitted with a condenser. To this solution, Ig of Codl)-
montmorillonite (Co, 6.4%) was added. The reaction mixture was 
refluxed under constant stirring for 6 h. The clay complex was 
filtered, washed with petroleum ether (60-80°C) (3x10ml) and finally 
with ether (3x10ml) to remove unreacted ligand. The complex was 
dried under vacuum. 
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ii) Chlorpyriphos-copper(II)-montmorillonite complex 
The complex was prepared in a manner analogous to the 
preparation of chlorpyriphos-cobaltdD-montmorillonite complex. 
Here Cu(II)-montmorillonite (Ig; Cu, 6%) and Chlorpyriphos (0.993g) 
were taken in methanol (100ml). 
C) Carboxin-clay complexes 
i) Carboxin-cotxilKW-montmorillonite complex 
Carboxin (0.76g) was dissolved in methanol (100ml) in a 250 ml 
R.B. flask fitted with a condenser. To this, solution Ig of Co(II)-
montmorillonite (Co, 6.4%) was added. The reaction mixture was 
refluxed under constant stirring for 6 h. The clay complex was 
filtered, washed with petroleum ether (60-80°C) (3x10 ml) and finally 
with ether (3x10 ml) to remove unreacted ligand. The complex 
was dried under vacuum. 
ii) Carboxin-copper(n)-montmorillonite complex 
This complex was prepared in a manner analogous to the 
preparation of carboxin-cobalt(II)-montmorillonite complex. Here 
Cu(II)-montmorillonite (Ig, Cu 6%) and carboxin (0.667g) were taken 
in methanol (100ml). 
D) Carbendazim-clay complexes 
i) Carbendazim-cobalt(n)-montmorillonite complex 
Carbendazim (0.622g) and Co-montmorillonite (Ig, Co, 6.4%) 
92 
were taken in methanol (100ml) in a 250 ml R.B. flask fitted with 
a condenser. The reaction mixture was refluxed under constant 
stirring for 6 h. The clay complex was filtered, washed with hot 
ethanol (5x20ml) to remove unreacted ligand. The complex was 
dried under vaciium. 
ii) Carbendazim-<:opper(U)-montmorillonite complex 
This complex was prepared in a manner analogous to the 
preparation Carbendazim-cobaltdO-montmorillonite complex. Here 
Cu(II)-montmorillonite (Ig; Cu, 6%) and Carbendazim (0.541g) were 
taken in methanol (100 ml). 
3.6.3 Elemental analyses 
Elemental analyses were carried out after vacuum drying 
the samples to constant weight. 
Analysis of oil the pesticide-metal(II)-montmorillonite complexes 
for cobalt, copper, phosphorus, sulfur, nitrogen and chlorine were 
carried out after leaching the elements into the solution as described 
below. 
A) Cobalt 
Determination of cobalt was done by complexometric EDTA 
titration using xylenol orange as indicator. 
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B) Copper 
The amount of copper incorporated was determined gravimetri-
cally by precipitating copper as cuprous thiocyanate. 
C) Phosphorus 
It was determined gravimetrically as ammonium phosphomolyb-
date. 
D) Sulfur 
The amount of sulfur was determined gravimetrically by 
precipitating sulfur as barium sulfate. 
E) Nitrogen 
Nitrogen was determined using elemental analyzer. 
F) Chlorine 
The amount of chlorine was estimated gravimetrically by 
precipitating as silver chloride. 
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PART A : CARBOFURAN-POLYETHLENE CONTROLLED RELEASE 
FORMULATIONS 
4.0 INTRODUCTION 
Rapid advancement in polymer science daring the past several 
decades has made possible the creation of controlled delivery systems 
which previously could not have been conceived. Polymer-pesticide 
combinations designed to render protection for the crops lower the 
labour cost due to its less frequent application . The polymeric 
pesticides also minimize the pollution hazards due to the fact that 
the amount of pesticide needed for a biological response is small. 
Since this material is released under controlled conditions, it is 
either being adsorbed or trapped by the host or being degraded in 
the soil. Pesticides can be physically trapped or chemically bound 
to the polymers to achieve controlled delivery systems. Various 
techniques employed for the preparation of controlled release systems 
are discussed in Chapter I. 
The only problem associated with synthetic polymers which 
are non-biodegradable is that they persist in the soil for longer periods 
retaining undesirable pesticide residues causing soil contamination. 
But this can be overlooked due to other advantages such as minimum 
requirement of the active agent, safe to non-targets, less environ-
mental pollution by hazardous chemicals etc. 
100 
2 
Dursban was impregnated into polyvinyl chloride (PVC) pellets 
in concentrations ranging from 10 to 40%. Formulations were prepared 
by varying the basic polymer resin, plasticizer and the amount of 
14 
each. One series of tests used C-labelled dursban. Release rate 
results Indicated that dursban slowly released from PVC formulations 
under static laboratory conditions. Variation of the PVC resin or 
plasticizer had little effect on the release rate. 
A controlled release insect attractant of porous polymer film 
3 
containing fine droplets of liquid agrochemical was reported . A 
4 
controlled release system was prepared by trapping pheromones 
in polyethylene, polypropylene or poly(ethylene propylene) and evaluated 
for release rates. 
Suscon, a controlled release soil insecticide containing chlor-
pyriphos in a thermoplastic granule matrix was reported . This 
formulation provides an alternative to persistent organo-chlorine 
insecticides and can probably be used with some nematicides and 
fungicides. A composition containing chlorinated polyethylene, thermo-
plastic elastomers, and pesticides and/or insect repellent controlled 
release material was prepared and its efficacy was tested. Some 
7 
sustained release formulations were manufactured by incorporating 
pyrethroids into thermoplastic polymers (polyethylene, PVC). 
Three polyvinyl chloride (PVC) formulations of malathion were 
101 
o 
prepared and tested as controlled release formulations against mosquito 
larvae. Non-expanded formulations give effective control, with 
100% larvae mortalities, for 23-51 days, followed by expanded (16-33 
days) and foamed (14-27 days) formulations. The results indicated 
that increasing the percentage of active ingredient in the formulations 
increased their effective control against mosquito larvae for longer 
periods. 
4.1 Present Work 
Carbofuran is well recognised as a useful pesticide to control 
rice pests but its application poses problems due to its high mammalian 
toxicity. Also the desired duration of activity is not often achieved. 
Thus to develop a more efficient, economic and safe controlled release 
formulation, it is desirable to microencapsulate carbofuran in the 
polyethylene matrix for specific applications where the non-biodegra-
dable nature of the polymer is required. This work was carried 
out under research contract No.3549/GS of a Joint FAO/IAEA/GSF 
programme of "'RuQ.a'iC.h to Vzvzlopand Evaluate. Contioiltd V.zizai.a 
Famuiationi) Oj$ ?e.iticide.i to Rzducz U^iiduu and Inazaho. Eif^icimcy, 
UtiUzing RadioiiotopZi". 
4.2 Results and Discussion 
Synthetic polymers are widely used to trap the active agent 
in their matrix to achieve an extended pesticidal activity. In the 
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present "work, polyethylene a relatively cheap synthetic polymer 
was employed to coat carbofuran, and inert materials like kaolin 
and talc were used as filling agents. Since polyethylene is crystalline, 
it is treated with solvent to favour coating of the pesticide. The 
formulation was converted to pellets for ease of application near 
14 the root zone. C-carbofuran was induced in the controlled release 
pellets to evaluate the release rates (See Chapter V). 
4.2.1 General method of preparation 
Polyethylene was refluxed in benzene to get a clear solution. 
To this solution carbofuran dissolved in benzene was added and stirred 
vigorously. Later, the solvent was partially evaporated. A slurry 
containing polyethylene-carbofuran was obtained. To this slurry 
the mixture of inert filling materials was introduced and mixed by 
stirring to obtain a uniform mixture. The solvent was completely 
removed from the mixture. The mixture was ground to fine powder 
and pellatized. Five formulations (F. - FJ were prepared with 
varying compositions (Table 1). 
4.2.2 Analysis 
The percentage of carbofuran encapsulated in polyethylene 
matrix was determined after soxhlet extraction from a known amoiaU 
of the formulation. The percentage of carbofuran encapsulated 
in polyethylene matrix is 5. 
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4.2.3 Infmred (IR) 
Carbofuran encapsulated in the polymeric matrix was identified 
by IR after its extraction from the respective formulation. Carbo-
furan remains intact in the polyethylene matrix. 
In order to select the best controlled release system containing 
the polyethylene, talc, kaolin and carbofuran which will deliver the 
desired quantity of carbofuran for an extended period, five formula-
tions containing different quantities of the first three ingredients 
were prepared in the form of pellets containing C-labelled carbo-
furan. The estimation of the amount of carbofuran released during 
the first week in water was helpful in deciding the most useful con-
trolled release system for continued evaluation. The composition 
14 
of the controlled release C-labelled carbofuran formulations (5%) 
and the percentage of carbofuran released in water during the first 
week are given in Table 1. 
The desired duration of activity is not often achieved by conven-
tional formulations. Hence, repeated applications are recommended. 
Thus to circumvent the problems associated with the conventional 
formulations polyethylene based controlled release carbofuran formula-
tions were prepared and evaluated for chemical assay and bioassay 
(See Chapter V). 
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4.3 Experimental 
4.3.1 Measurements and Materials 
IR spectra were recorded on Perkin-Elmer 283B. Soxhlet 
extraction was employed to recover the pesticide from the controlled 
14 
release formulation. C-carbofuran was obtained as a gift from 
Seibersdorf Laboratories, International Atomic Energy Agency, Vienna. 
Carbofuran was obtained as a gift from Rallis India Limited, India. 
4.3.2 Preparation of carbofuran-polyethylene controlled release 
formulations 
A) F„ formidation 
In a three-necked, R.B. flask fitted with a mechanical stirrer 
and condenser, polyethylene (0.6 g) was refluxed with benzene (25 ml) 
under constant stirring for 1 h to obtain a homogeneous solution. 
Stirring was continued through out the experiment. To the above 
solution, carbofuran (0.3 g) dissolved in benzene (5 ml) was added. 
After 15 min. the reaction mixture was concentrated to 15 ml 
and a uniform mixture of inert materials, kaolin (1.02 g) and talc 
(4.08 g) was added. The reaction mixture is in the form of slurry. 
The slurry was refluxed for 5 min. and then benzene was evaporated. 
The controlled release product thus obtained was ground to powder 
uniformly and converted into pellets (6.3 mm, dia and 2.95 mm thick). 
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B) F. formulation 
This formulation was prepared in a manner analogous to the 
preparation of F^ formulation. Here carbofuran (0.3 g), polyethylene 
(0.9 g), kaolin (0.960 g) and talc (3.84 g) were taken in benzene (30 ml). 
C) F_ formulation 
F- formulation was prepared as above by taking carbofuran 
(0.3 g), polyethylene (0.6 g), kaolin (1.53 g) and talc (3.57 g) in benzene 
(30 ml). 
D) Fj and F„ formulations 
F. and F„ formulations were prepared in a manner analogo 
to F„ formulation and the quantities for 6 g scale are given below : 
us 
Fj polyethylene (0.6 g); kaolin (5.1 g); talc (nil); carbofuran (0.3 g). 
F„ polyethylene (0.6 g); kaolin (nil); talc (5.1 g); carbofuran (0.3g). 
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PART B : CHLORPYIRPHOS-KRAFT LIGNIN CONTROLLED RELEASE 
FORMULATION 
4.4 INTRODUCTION 
The forest product industries generate an enormous amount 
g 
of solid waste in the form of bark and lignin and although many 
C, J^ 
uses have been deviaed, much of this waste is discarded or burned. 
These methods of disposal may cause air and water pollution. Further-
more, since the world production of wood pulp is rapidly increasing, 
the magnitude of this solid waste problem will increase with time. 
All forest derived solid waste consist predominantly of cellulosic 
or phenolic macromolecules. All these contain a mutlitude of reactive 
hydroxyl groups and are utlimately bio-degradable. Hence, these 
materials can be regarded as polymeric assets rather than environ-
mental liabilities. 
Naturally occuring materials such as polysaccharides, starch, 
cellulose etc. polypeptide (casein, leather wastes) polyphenolics (lignins) 
and their natural mixtures (eg. wood dust) are abundantly available 
and suitable as formulating agents for controlled release by chemical 
or physical methods . 
Lignin occurs in most dry Land plants and is thus the most 
abundant naturally occuring polymer. Kraft lignin is produced as 
a byproduct of the Kraft pulping process. It is a polyphenolic polyether 
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soluble in alkaline aqueous solutions but insoluble in neutral and 
acidic media. The structure of kraft lignin is complex as a result 
of the random synthesis of the parent lignin in the plant and changes 
g during the pulping process . In solution the macromolecule exhibits 
properties which would suggest a roughly spherical or disc like structure 
with an average molecular weight of 1600 Daltons for pine kraft 
g 
lignin . In comparison with carriers currently available to t/ie pesti-
cide industry, kraft lignin offers certain advantages : (1) the highly 
aromatic nature of lignin makes it an excellent protective matrix 
for chemicals sensitive to degradative process, initiated by the UV 
radiation of the sunlight. Pesticides of this type include aniline 
derivatives, natural and synthetic pyrethroids (2) the anti-oxidant 
properties of lignin add further stability to chemically unstable pesti-
cides and (3) Biodegradability has also been identified as a property 
of pine kraft lignin. In view of the current and undoubtedly future 
trends in chemical pest control, this property makes it highly desira-
ble as a carrier. 
A controlled release system is prepared either physically trapping 
or chemically binding the pesticide to lignin matrix. Thus, by binding 
the pesticides chemically to sawdust, bark or lignin, their lives will 
be prolonged since attack by degrading bacteria is reduced because 
of inaccessibility of the pesticide within a protective insoluble matrix. 
Moreover, the pesticides cannot be readily leached into the subsoil 
and hence to rivers and streams. As the pesticide-wood waste 
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combination in the soil gradually decompose, the active pesticide 
is continuously released over a long period of time. The effective 
result is a more controlled application of the pesticide than is now 
usually achieved. This increased efficiency should therefore reduce 
the overall volume of pesticides applied to environment. 
4.4.1 Chemical methods 
Pesticides have been directly bonded via covalent bonds as 
pendent substituents to a natural polymer. The most obvious means 
of achieving chemical combination between a pesticide and lignin 
matrix would be by esterification. Herbicides containing carboxyl 
groups can be converted into acid chlorides which can react with 
g 
saw-dust, bark and lignin containing hydroxy groups . Ester, anhydride 
and amide linkage are favourable for binding pesticides to these 
polymers. 
The extent of esterification achieved depends upon the propor-
tion of the reactants, but the combined herbicide-polymer weight 
ratio at maximum substitution are determined by the concentration 
of accessible hydroxyl groups in the polymeric substrate and by the 
molecular weight of the pesticide. Successful formulations of lignin 
12 
with pesticides such as 2,4-D, carbetamide, carbofuran as well 
simazine, pentachloronitrobenzene, hexachlorophene and methyl 
13 14 parathion ' have been reported. Various methods for chemically 
binding the pesticides to the polymers are discussed in Chapter I. 
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4.4.2 Physical methods 
Pesticides have been physically entrapped either by dissolving 
or coprecipitation or microencapsulating it in the lignin matrix. 
In this method, no specific functional group within the pesticide 
molecule is necessary. The method therefore has general applicability 
for the controlled release of a mde variety of biologically active 
materials. However, for agriculture and forestry applications the 
production cost for chemical approach, like synthesis of ester deriva-
tives is seldom more and thus the use of physical methods for con-
trolled release based on polymers has been investigated. Kraft 
lignin ' is suitable for this purpose and with compatible materials, 
a matrix can be formed which will provide protection from environ-
17 
mental degradation . A lignin based formulation of carbofuran 
has been reported . 
19 A controlled release formulation can be achieved by removal 
of common solvent from a lignin-pesticide mixture, or by coprecipi-
tation route. In the coprecipitation process a determined amount 
of sodium or ammonium salt of alkali lignin in aqueous solution is 
intermixed with the pesticide. The alkali lignin solution and the 
pesticide are thoroughly mixed to form a stable emulsion. Mixing 
is usually carried out at room temperature. The emulsion is then 
acidified using a mineral acid such as sulfuric acid to a pH about 
5 to 6 to precipitate the pesticide-lignin emulsion within the lignin 
I l l 
to form the macro-dispersion. The precipitated material can be 
dried by various methods. 
4.5 Present Work 
The present work was initiated as sponsored by lAEA/FAO, 
Vienna, under the contract number 3549/GS to bring about an effective 
controlled release formulation^ to control rice pests. Chlorpyriphos, 
a pesticide used for rice pest control was entrapped in the kraft 
lignin matrix, obtained as a waste from paper industry, and formulated 
suitable for root dip application (See Chapter V). 
Chlorpyriphos in water decomposes fastly to its inactive metabo-
lites. The entrapment of chlorpyriphos in the lignin matrix protects 
it from decomposition and making available the pesticide for a longer 
14 period. C-chlorpyriphos was mco'rporated in the chlorpyriphos-
lignin controlled release product to evaluate the release rate (See 
Chapter V). 
4.6 Results aaid Discussion 
Entrapment of pesticides in the lignin matrix was reported 
20 by Wilkins . In the present work lignin, in the form of black liquor, 
a waste from the paper industry was employed to prepare a controlled 
release chlorpyriphos product. 
Black liquor containing lignin is highly alkaline and by introducing 
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pesticide to this solution may undergo decomposition. Hence, black 
liquor was treated with an acid to reduce its alkalinity, where the 
pesticide does not decompose and the lignin still/present in the solution. 
4.6.1 Preparation of ctdorpyriphos-lignm 
The pesticide dissolved in dichloromethane was introduced 
to the pretreated lignin solution with acid. This solution was further 
neutralized with acid to precipitate lignin while trapping the pesti-
cide in its matrix. The precipitated product was filtered and air 
dried to obtain a controlled release formulation. 
14 
4.6.2 Preparation of C-chlorpyriphos induced chlorpyriphos-lignin 
14 
Preparation of C-labelled induced chlorpyriphos-lignin formu-
lation prepared in a similar manner as described above, except 
14 
dopping C-chlorpyriphos with the cold-chlorpyriphos before intro-
ducing the pesticide to alkali lignin solution. 
4.6.3 Estimation of cMorpyriphos entrapped in lignin matrix 
14 A known amount of C-chlorpyriphos induced lignin controlled 
release product was dissolved in sodium hydroxide solution (pH 8) 
and then chlorpyriphos was extracted with dichloromethane quanti-
tatively. Dichloromethane from the extract was completely removed 
under reduced pressure. The: residue, was dissolved in toluene 
making up to a known volume. A portion of toluene was placed 
113 
in scintillation fluid for analysis by liquid scintillation counting. 
The percentage of chlorpyriphos in the lignin matrix M 26. 
Pesticides encapsulated in the polymeric matrices were identi-
fied by IR after tlieir extraction from the controlled release formula-
tion. The pesticide remains intact in the polymer matrix. 
— To encapsulate the pesticide in the lignin matrix, the following 
points are taken into comideration : pH of the black liquor is an 
important factor. It is desirable to maintain the pH of black liquor 
(8.05) where it has a minimum basicity to retain lignin in the solution 
to which the pesticide could be introduced to get encapsulated in 
the polymeric matrix of lignin. At pH 6.75 lignin is completely 
precipitated after trapping the pesticide in its matrix. The time 
required to precipitate lignin while encapsulating the pesticide in 
its matrix is important for the reproducibility of the product. Chlor-
21 
pyriphos is relatively unstable in water . However, by microencapsu-
lation of chlorpyriphos in the lignin matrix the life of the pesticide 
is enhanced because the release was observed for an extended period 
(See Chapter 5). 
4.7 Experimental 
4.7.1 Materials and measurements 
IR spectra recorded on Perkin-Elmer 283B. Digisun-909 pH 
14 
meter was used. C-chlorpyirphos was obtained from Seibersdorf 
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laboratories, IAEA, Vienna. Lignin in the form of Black liquor was 
obtained from Sirpur Paper Mills, Sirpur Kaghaznagar, A.P., India. 
4.7.2 Preparation 
A) Determination of the lignin content in Black liquor 
To encapsulate chlorpyriphos in the lignin matrix, a series 
of experiments were conducted to estimate the amount of lignin 
that gets precipitated from Black liquor upon neutralization and 
this estimated amount of lignin was takenas basis to decide the amount 
of chlorpyriphos to be encapsulated. The black liquor is a basic 
fraction which contains lignin in a dissolved state. The pH of black 
liquor was 10.2. Black liquor was neutralised with HCl (32%) to 
precipitate lignin. The precipitated lignin was filtered, washed with 
distilled water and then air dried. To neutralize 100 ml of black 
liquor, 7 ml of HCl was required, i.e. to alter the pH of black liquor 
from 10.2 to 6.75. The amount of lignin obtained was 6.578 g. 
Triplicate experiments were performed to get an average weight 
of lignin precipitated from 100 ml of black liquor. The average 
weight of lignin obtained was 6.5 g. 
B) Encapsulation of chlorpyriphos in lignin polymer matrix 
The black liquor (100 ml) was taken into a 500 ml beaker 
and was stirred constantly with a mechanical stirrer. Initially 
3 ml of HCl was added to the black liquor. Its pH alters from 10.2 
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to 8.05 and lignin is still present in dissolved state. At this pH level 
chlorpyriphos 3g dissolved in dichloromethane was added to the 
black liquor while stirring. The remaining HCl (4 ml) was added 
dropwise, in about 10 min time interval to the solution of black 
liquor containing chlorpyriphos to precipitate the lignin which traps 
chlorpyriphos in its matrix, the product was filtered and washed 
with distilled water and then air dried. The weight of the product 
is 8.783 g. This procedure was repeated twice to establish the repro-
ducibility of the product quantitatively. 
14 
C) Preparation of C-chlorpyriphos induced lignin controlled 
release formulation 
14 The procedure for the preparation of C-chlorpyriphos induced 
lignin controlled release formulation is same as above. But the 
amount of cold chlorpyriphos taken was 2.996 g and labelled chlorpyri-
phos was 0.004 g. The weight of the product is 8.813 g. 
D) Determination of percentage of chlorpyriphos entrapped in 
the lignin matrix 
14 
C-chlorpyriphos induced lignin controlled release formula-
tion (200 mg) was dissolved in 100 ml sodium hydroxide solution 
(pH 8) and then chlorpyriphos was extracted with dichloromethane 
(250 ml). Extraction was done for 5 times with 50 ml dichloromethane 
for each extraction. Dichloromethane was completely removed from 
116 
the extract and the residue was dissolved in toluene (5 ml) and trans-
ferred it into a 10 ml standard flask quantitatively by rinsing the 
conical flask containing the extract with toluene, making uiy the 
solution to 10 ml in the standard flask. 2 ml of toluene extract 
from the 10 ml standard flask was placed in 8 ml scintillation fluid 
for analysis by liquid scintillation counting. The counting efficiency 
was 95.4% (unquenched standard). 
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CHAPTER V 
EVALUATION OF CONTROLLED RELEASE PESTICIDES 
BY CHEMICAL ASSAY AND BIOASSAY 
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PART A : CHEMICAL ASSAY 
5.0 INTRODUCTION 
The rate of dispensing the active ingredient to the target 
organism is the basis for distinguishing controlled release formulations 
from conventional formulations. In order to develop an efficient 
controlled release formulation, it is desirable and imperative to 
evaluate the release rate systematically. Knowledge of the rate 
controlling mechanism and characterization of a particular formula-
tion are important in the determination of release rates. Release 
rate studies are carried out under rigorously controlled conditions. 
It is impossible to simulate environmental conditions in the laboratory. 
As a result the rate controlling step may be different in any parti-
cular environment from that determined under laboratory conditions. 
In the characterization of controlled release formulations, 
the experimental approach has been based on whether the formula-
tion is intended for delivery to (1) air or vapor phase (2) aquatic 
systems and (3) soil or plant systems. 
5.1 Air or Vapor Phase 
Voluminous work on the control delivery formulations of phero-
mones into the atmosphere or any other vapor phase to attract or 
2 
control the msect pests has been reported . Although physical mecha-
nisms dominate the release of pheromones the chemical mechanisms 
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may also be feasible. The rate at which volatile chemicals including 
pheromones are emitted from the controlled release formulations 
can be estimated by the three general methods ; (1) collection of 
3 4 pheromones after release ' , (2) extraction of pheromone remaining 
in the formulation ' and (3) measurement of weight loss . Release 
rates of fumigants and other volatile pesticides can be analysed 
from the concentration of the fumigant obtained by sequential air 
sampling of the enclosed space. 
5.2 Aquatic Systems 
Controlled release formulations meant for aquatic application 
include both physical and chemical systems. Physical systems release 
the active agent by a diffusion-dissolution or leaching process. 
In chemical systems, release occurs through hydrolysis and biological 
degradation. Methods of assessment of release rates for the two 
different systems differ, especially in the case of laboratory tests. 
For chemically bound controlled release aquatic herbicides, 
release rates depend on the environment in which they are placed, 
as the required degradation will depend to a-large extent upon micro-
bial activity while experimental studies under laboratory conditions 
for the release rates have been based upon chemical hydrolysis in 
sterile buffered aqueous solutions maintained at a constant tempera-
ture . Here a pH of 8 was maintained to simulate natural water. 
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The amount of herbicide released was determined at regular intervals 
by spectrophotometric analysis of the buffered water. After 296 
days of immersion of a 2-acryloyloxyethyl-2,4-dichlorophenoxy~acetate-
methacrylic acid (90:10) copolymer, 87% of the 2,4-D originally 
contained in the polymer was recovered from the aqueous phase. 
The rate of release under these conditions increases during the first 
few days and then remain relatively constant. As the expected 
first order degradation kinetics were not followed, it was assumed 
that the rate constant for the hydrolysis reactions continuously increased 
as the 2,4-D content of the polymer decreased. Among the controlled 
release methods, physical methods for aquatic applications have 
been most successful. A pelleted natural rubber matrix containing 
g 2,4~D butoxy-ethanol ester gained commercial importance . The 
determination of release rates for such formulations in the laboratory 
involves, generally, the use of small containers under controlled 
conditions . 
5.3 Soil Systems 
Release on and into the soil is the most important area. 
This also includes release to plant surfaces, since the variation in 
climatic and biological conditions is similar to that in soils. The 
mode of transport of the active ingredient to the target organism 
depends on the adsorptive capacity of soil, especially the clay and 
organic matter. In many respects, soil itself functions as a slow 
release substrate . 
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Physically bound controlled release formulations release the 
active ingredient by diffusion, leaching and erosion Geometry is 
an essential feature of physical systems. 
Release rates depend upon the environmental factors such 
as moisture levels, soil nutrition, temperature and microbial activity. 
Methods employed for the determination depend very much on the 
biological response of the pest organism controlled and the pest 
control situation. Release rate can be measured by immersing the 
formulation in static -water under laboratory conditions, for example, 
the release rates of the hexamethylphosphoric triamide, a housefly 
chemosterilant, from a matrix of polyethylene-dilinoleamide were 
determined by immersion of a block of the pesticide-polymer combina-
12 
tion in stirred distilled water . Samples of the liquid were periodi-
cally withdrawn and the active ingredient was measured from the 
phosphorus content determined by neutron activation analysis. 
Immersion test may be modified to simulate the anticipated 
field environment of the test formulation. Thus the water can be 
13 14 12-
maintained in static , shaken , or stirred condition and small 
samples removed periodically waking upto constant volume with 
fresh water or entire volume of water can be changed at each measure-
ment. The results obtained with each approach can differ and may__ 
not be strictly comparable. The volume of water used should be 
of sufficient capacity not to be exceeded by the amount of active 
ingredient released into it. Under static water conditions the diffusion 
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bonding layer may exert greater influence on the rate of release 
depending on the polymer and active agent . Release rates can 
be determined by spectroscopic or chromatographic or colorimetric 
or- radioassay methods. 
The distribution of active agent in the soil plays an important 
role in biological efficacy, whereas the mechanism for the release 
of active ingredient from chemically bound controlled release formula-
tion is microbial break down . 
Hydrolysis studies are usually carried out by suspending the 
formulation in water buffered to certain pH values. The attachment 
and release of herbicide metribuzin to a variety of polymeric substrates 
was reported ' 
5.4 Present Work 
This part of the chapter describes the release patterns as 
determined by chemical assay under laboratory conditions in .distilled 
water for pesticide-metal complexes, pesticide-metal(II)-montmoriUonite 
complexes, carbofuran-polyethylene and chlorpyriphos'-lignin controlled 
release systems. 
5.5 Results and Discussion 
The pesticide-metal and pesticide-metal(II)-montmorillonite 
complexes synthesized were placed in water to study the release 
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rate pattern (rate of cleavage of pesticide-metal bond) under static 
13 laboratory conditions , i.e. the release of free pesticide in -water, 
to see if such complexes could be used as controlled delivery systems, 
which are expected to have many advantages over the conventional 
ones. 
Results of pesticide-metal and pesticide-metal(II)-montmorillonite 
complexes (Fig. 1 to 7) indicate that pesticides were released slowly 
into water under laboratory conditions for an extended period. The 
amount of pesticide released in water from these complexes was 
determined every week by G.C. 
The release rates of pesticides from pesticide-metal complexes 
(lA - 6A) are tabulated in Table 1. As seen in Table 1, the diazinon 
complexes of cobalt (lA) and copper (2A) show satisfactory release 
of diazinon upto 5 weeks. About 96% of the pesticide is released 
during this period. The chlorpyriphos complexes of cobalt (3A) and 
copper (4A), however, show the release of chlorpyriphos upto 7 weeks 
(93-95%). The carboxin complexes (SA &. 6A) showed release only 
upto 5 weeks. Thus the release rate data indicates that the nature 
of the metal in these complexes has very little effect on the release. 
It is observed that chlorpyriphos is released at a relatively lower 
rate than diazinon and carboxin complexes. 
Table 2 show the release rate pattern of clay [Co(II)-mont, 
Cu(II)-mont] complexes of diazinon (IB, 2B), chlorpyriphos (3B, 4B), 
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carboxin (SB, 6B) and carbendazim (7, 8). The release was observed 
upto 8 -weeks in all the clay complexes. However, a comparison 
of the release rates with those of the corresponding pesticide-metal 
complexes shows that the release rate from the clay complexes 
was relatively lower than pesticide-metal complexes (Figs. 1-6). 
This can be rationalized due to the two step process of release mecha-
nism involved, mainly the cleavage of pesticide-metal bond followed 
by diffusion through the interlayers of montmorillonite. No metal 
leaching was observed from the clay complexes. 
In summary, the release rate data indicated that the pesticide 
is available for 5-7 weeks and 8 weeks from pesticide-metal and 
pesticide-metal(II)-montmorillonite complexes respectively, possibly 
for an extended protection of the crop. In contrast the persistence 
of diazinon is moderate on leaf-foliage, protecting from insects 
20 for 7 to 10 days . Chlorpyriphos is relatively unstable in water 
with a half life varying from a matter of hours to many days depending 
21 
upon environments . All the complexes are stable even after one 
year whereas the technical diazinon decomposes in few months in 
shelf as observed. 
For ease of application the controlled release carbofuran-
polyelhylene formulations are converted to pellets (6.3 mm dia, 2.95 mm 
thick) and the controlled release chlorpyriphos-lignin formulation 
was converted to granules, for soil application near the root zone. 
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Release rates have been determined by immersion of the formulation 
in static water at pH 7. The release rate is found to be independent 
of the quantity of water (50 ml to 100 ml) and the effect of slight 
variation of pH (around pH 7) is not ver y significant. 
The amount of carbofuran released into water from F„ - F-
formulations was determined by radioassay. Results of the percentages 
14 
of carbofuran from the three test formulations ( C-carbofuran-
polyethylene, F„ - F J at different time intervals are recorded in 
Table 3 (Fig. 8). The table shows that the percentage of carbofuran 
released is different for these formulations. The release rate experi-
ments were terminated after observing insignificant release of pesti-
cides from the respective formulations. Two factors may influence 
the release rate of carbofuran - (1) the percentage of polyethylene 
and (2) other inert components of the formulation. 
14 Results of radioactive C-chlorpyriphos-lignin release rate 
studies indicate that chlorpyriphos was released into water from 
the lignin matrix under laboratory conditions for 10 weeks (Table 3). 
The controlled release formulation delivered satisfactory amount 
of chlorpyriphos during the first week. The percentage of chlorpyri-
phos released in water from this system was determined every week 
(Fig. 9). 
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Hence, the above studies have shown that the complexation 
of diazinon, chlorpyriphos and carboxin with cobalt and copper is 
a satisfactory technique for designing controlled delivery systems 
of these pesticides. /rAe^release rate upto 5 weeks can be easily 
obtained. 
Montmorillonite in an exchanged form with cobaltQI) or copper(II), 
is a suitable matrix for complexing diazinon, chlorpyriphos, carboxin 
and carbendazim. These systems also release the pesticide for an 
extended period of 7 weeks. However, the rate of release is rela-
tively lower compared to that with the corresponding pesticide-metal 
complexes. This may be due to the diffusion of the pesticide through 
the interlayers of montmorillonite. 
Polyethylene-carbofuran pellets showed controlled release 
activity for 7 weeks and chlorpyriphos-lignin granules released chlor-
pyriphos upto 10 weeks. 
5.6 Experimental 
5.6.1 Measurements and materials 
G.C., Hitachi-063 was used for quantitative estimation of 
the pesticides in the release rate determination. The following condi-
tions were employed for the estimation of diazinon, chlorpyriphos, 
and carboxin : column, 8 feet x 1/8 inch o.d; stainless steel tubes; 
packing 10% OV-17 on 60-80 mesh chromosorb W.AW; carrier gas, 
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nitrogen, 60 ml/minute; Detector, FPD; temperature :' column, 260°C; 
Injection, 300°C; Detector, 350°C.- Recorder range, 1 mV; Chart 
speed, 5 mm/min; attenuation, 8. 
22 Carbendazim derivative was estimated by GC, equipped 
with electron capture detector and borosilicate glass column, 
160 cm X 3 mm id, packing 3% OV-1 on 80-100 mesh chromosorb 
W(HP); carrier gas, argon-methane (95+5), 60 ml/minute; Temperature : 
column, 240°C; detector, 350°C; Injection, 250°C. Attenuation, 64, 
chart speed 5 mm/min. 
Scintillation counter, Packard-Poly cab was used. The scintilla-
tion fluid consisted of a solution of toluene (1000 ml) containing 
dissolved naphthalene 150 g/liter, PPO (2,5-diphenyloxazole) 7 g/liter, 
and POPOP (2,2'-p-phenylenebis [5-phenyloxazole]) 0.6 g/liter. The 
counting efficiency was 95.4% (unquenched standard). 
5.6.2 Determination of release rates of pesticide-metal and pesticide-
metal(n)-montmorillonite complexes 
General method 
A representative experiment is as follows: 200 mg of the sample 
IS placed in 100 ml distilled water (triplicate for each week) in iodo-
metric flask to minimize loss of water by evaporation and then allowed 
to stand at room temperature. Flasks were shaken once a week 
and before^ach sampling. At the end of each week the pesticide 
released in each flask was extracted with dichloromethane. The 
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extract was reduced to 5 ml and then made upto 10 ml in a standard 
flask with dichloromethane. The extracts were analysed to determhie 
the amount of pesticide released by GC. 
A series of standards of pesticides were prepared and subjected 
to GC to plot a standard calibration curve to compare the amount 
of pesticide released per week. Percentage recovery obtained with 
the above extraction technique based on the addition of a known 
quantity of pesticide was found to be 97%. 
The release rates of carbendazim-clay complexes were deter-
22 
mined by GC after preparing carbendazim derivative . 
5.6.3 Preparation of carbendazim derivative 
The released carbendazim was extracted with ethylacetate. 
One ml of ethylacetate extract in a 15 ml graduated tube was dried 
over nitrogen gas. Then the residue i^ dissolved in 2 ml acetone 
and derivatized with the addition of 30 ]il of 30% ^oC0„ and 50\il 
of 1% pentafluorobenzyl bromide (PFB-Br) in acetone. It was refluxed 
for 3 h in a water bath kept at 60°C. Two ml of isooctane was 
added following derivatization and evaporated over nitrogen gas 
to remove acetone. Each derivatized sample was then brought to 
5 ml with isooctane. 
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5.6.4 Determination of release rate of carbofuran-polyethylene con-
trolled release formulation 
200 mg of the carbofuran-polyethylene controlled release pellets, 
containing C-carbofuran (2.33 x 10 mCi) is placed in 100 ml 
distilled water (triplicate for each week) in iodometric flask to mini-
mise loss of water by evaporation and then allowed to stand at room 
temperature. Twenty four (8 x 3) such flasks were used for eight 
weeks release rate determination. Flasks were shaken once a week 
and before each sampling. At the end of each week, the pesticide 
released from the polyethylene matrix was extracted with dichloro-
methane from each of the three flasks corresponds to that week. 
The solvent was completely removed and the pesticide residue was 
dissolved in 5 ml of toluene and transferred it into a 10 ml standard 
flask, made uptb 10 ml with toluene. Two ml of each sample was 
placed in 8 ml scintillation fluid for analysis by liquid scintillation 
counting. 
5.6.5 Release rate determination of chlorpyriphos-lignin controlled 
release formulation 
14 Release rate of C-chlorpyriphos-lignin controlled release 
formation was determined in a manner analogous to the determination 
14 
of C-carbofuran-polyethylene controlled release formulation. 
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PART B : BIOASSAY 
5.7 INTRODUCTION 
Essentially bioassay is a process of assaying the toxic properties 
of chemicals against a biological system as a whole or as a part. 
Among arthropods, insects have been conveniently used as tools for 
assessment of pesticidal properties of chemicals. Bioassay directed 
towards development of agricultural chemicals continue to be fruitful 
although the field is changing both targets and methods. The protec-
tion of harvested agricultural produce is of utmost importance and 
here conventional insecticides will have to undergo an evolution-
to emerge as controlled release insecticides. Controlled release insecti-
cides deliver only necessary amounts of insecticides to kill the target 
pests and thus the environmental contamination will get reduced 
to a minimum. In the present investigation an attempt has been 
made to make various controlled release systems and study their 
merits and demerits in comparison with conventional pesticidal counter-
parts against insect pests. 
General toxicity testing of metal complexes was carried out 
with Musca domestica (housefly) as a primary test insect. For syste-
mic studies on plants Nilaparvata lugens known as brown plant hopper 
was selected. Brown plant hopper is currently regarded as a number 
one pest of rice in many of the tropical countries in Asia. As a 
result of continuous sap sucking by these hoppers at the basal portion 
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of the rice plants, the plants die turning to a brown colour and this 
is known as "hopper burn". In addition to this damage, these insects 
are also vectors of various plant diseases like grassy smut, ragged 
stunt and wilted stunt. Both the insects selected for this study have 
considerable economic importance. 
5.8 Results and Discussion 
Among the insecticides and fungicides of conventional formula-
tions and controlled release complexes tested against housefly for 
general toxicity and persistent toxicity, it was found that the fungi-
cides lost toxicity much earlier while the insecticides continued to 
be active for a long time. The activity of diazinon complexes (lA, 
2A, IB &. 2B) presented 100% toxicity upto 20th week, while conven-
tional diazinon showed 100% toxicity only upto 4th week. Complexes 
(3A, 4A, 3B &. 4B) also showed the same 100% activity for a prolonged 
time of 22 weeks but the activity started decreasing in conventional 
chlorpyriphos by 18th week (Table 1). Carboxin and MBC, although 
they are fungicides showed insecticidal activity. The toxicity of 
complexes (5A, 6A, SB, 6B, 7 &. 8) started at a low percentage, increased 
gradually and dropped off to insignificance. However, the controlled 
release complexes showed better activity than the conventional fungi-
cide (Table 1). 
When the systemic activity of conventional carbofuran and 
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polyethylene based controlled release carbofuran was studied against 
brown plant hoppers it was noticed that the controlled release rates 
were not sufficient to bring significant toxicity and the formulations 
needed improvement. From Table 2 it is evident that the toxicity 
of both conventional and conU oiled release did not exceed 20 days 
to warrant further experiments. 
The chlorpyriphos root dip experiment proved that dipping for 
1 min and transplanting and dipping for more hours of varying intervals 
produced the same amount of toxicity for brown plant hoppers (Table 3). 
These plants which were dipped in chlorpyriphos did not produce any 
mortality on brown plant hoppers after 15 days, thus showing that 
there is no residual effect. 
From the results it is evident that with metal complexes the 
controlled release fungicides (Carboxin, MBC) lost the toxicity much 
earlier than the controlled release insecticides (diazinon, chlorpyriphos). 
It is understandable that the toxicity to insects by fungicides cannot 
be as intense as that of insecticides since the fungicides are designed 
for a different purpose. But there are many chemicals which work 
as fungicides and insecticides and to that extent any toxicity will 
be a useful property. All complexes of diazinon showed increase 
in their protection period than conventional formulation. Conventional 
formulation lost its activity by 4th week, while the complexes gave 
100% toxicity upto 20th week. In chlorpyriphos also, controlled formu-
lation was more effective than conventional formulation but each 
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complex had its OMm enhanced pattern of toxicity. When chlorpyri-
phos is formulated -with cobalt and copper individually, the later 
formulation exhibited more toxicity. It may be assumed, that the 
pesticidal activity of copper is contributing for this enhancement. 
When the chlorpyriphos is complexed with metal-montmorillonite, 
the activity is decreased when compared with the metal complexes 
alone. It is understandable that each unit of montmorillonite complex 
carries only one molecule of chlorpyriphos, while a unit of metal 
complexes carry 2 molecules of chlorpyriphos. Hence the intake 
of insecticide by the insect will be less in montmorillonite complex 
than metal complex, which in turn shovjs less toxicity. The same 
trend was followed in carboxin complexes also. Among the four 
complexes of carboxin, copper complex showed better activity, while 
MBC complexes did not present much enhancement of activity when 
compared to conventional formulation. The metal complexes of insecti-
cides gave toxicity to a considerable length of time thus showing 
the effectiveness of the complexes. 
The controlled release formulation of carbofuran did not give 
the desired toxicity and the release rate was very less to give a sub-
stantial mortality of the brovm plant hoppers. The reason attributable 
to this is that the active ingredient of carbofuran in the polyethylene 
camplex was too less to effect a substantial release. A higher quantity 
^<|jw^ would have allowed a higher release for a longer time. Conventional 
^ . carbofuran although very effective initially, did not give much activity 
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after 20 days but there are reports that carbofuran was active for 
23 24 
30 days at Phillippines . Venkatswamy and Kalode could get 100% 
mortality only until 6 days of carbofuran treatment and they assumed 
the reason of differential toxicity would be due to the diff^^Q^ces 
in soil and environmental conditions. In the experiments conducted 
here, carbofuran gave 85% mortality until 15 days but reduced to 
insignificant mortality by 20 days. In the controlled release formula- ' ^ 
tions, the release although less to effect 100% mortality was consis-
tently constant and perhaps increase of the active ingredient would 
X^ -tf? have given a higher release and higher toxicity. / ' 
\-k \ ' When controlled release chlorpyriphos was used for root dip 
treatment, it was observed that the first dip of 1 min was significant 
to give the plant a notable protection. About 70% mortality of the 
brown plant hoppers brought by the 1 min dip was sustained by further 
longer hours of dipping, thus showing that what adheres to the plant 
root at the first dip does not increase by further dips for longer 
duration.- The toxicity did not show significant increase from 70% 
even after 4 h soaking in the controlled release formulation before 
transplantation when treated at the root zone. 
There is definitely a possibility that the upward translocation 
of the insecticides from the root after the dip in 5% chlorpyriphos 
and the root zone treatment of carbofuran must have given the plant 
protection to effect 70% mortality of the brown plant hoppers in 
CfT-' ) • • • 
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the case of the former and 100% in the case of the later. Since 
brown plant hoppers infest the basal portion of the plant, the available 
chlorpyriphos and carbofuran after subsequent treatment could bring 
the toxicity to a significant level against brown plant hoppers. Venkat-
swamy and Kalode reported that cnlorpyriphos was effective against 
brown plant hoppers for 10 days when applied as 0.05% sprays. Krish-
naiah et al "^  found that the downward translocation of chlorpyriphos 
and carbofuran was meagre when 0.15% was sprayed confining the 
spray to the top foliage only of the T(N)1 plants after covering the 
basal portion with polythene. The brown plant hoppers were released 
one day later to the basal portion but mortality was very insignificant. 
The lack of effectiveness clearly showed that ^spray killed by contact 
action and not by downward translocation. In the present studies 
both chlorpyriphos and carbofuran were giving the toxicity only by 
upward translocation since the treatments were confined as a root 
dip or a root zone application and no contact toxicity was possible 
by such treatment at the basal portion of the rice plant. Root zone 
application of chlorpyriphos and carbofuran has given satisfactory 
27 
results earlier too at Phillippines and in India carbofuran was found 
effective in reducing the damage due tc gall midge and stem borer 
28 
and increasing the yields when root zone applications were effected . 
29 In Indonesia, Hatteren and Shagir Soma reported more effectiveness 
of carbofuran as root zone application against whorl maggot, white 
stem borer, leaf folder and tungro virus disease transmitted by brown 
plant hoppers. 
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The success of root zone application or root dip application 
depends largely upon the type of insecticide to be used in relation 
to the pest complex involved. 
5.9 Experimental 
5.9.1 Measurements and materials 
A) Chemicals 
Sucrose, diazinon, chlorpyriphos, carboxin, carbendazim, carbo-
furan, pesticide-metal complexes (1A-6A), pesticide-metal(II)-mont-
morillonite complexes, (lB-8), carbofuran-polyethylene (F„ - FJ and -
chlorpyriphos-lignin .• 
B) Insects 
i) Musca domestica (Housefly) : The insects -were reared under 
controlled temperature (27° ± 1°C) and humidity conditions (65-75) 
in the insectary. 
ii) Nilaparvata lugens (Brown plant hopper) : These pests of rice 
were mass reared on T(N)1 plants (Taichung Native 1 variety of rice 
plants) in net house conditions. The T(N)1 is a susceptible variety 
for pest attacks. 
5.9.2 Testing methods 
General toxicity studies of controlled release and conventional 
pesticides were carried employing houseflies. For studies on systemic 
toxicity, brown plant hoppers were used as the test insect. 
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A) General and persistent toxicity 
Chlorpyriphos, diazinon, carboxin and MBC and their respective 
metal complexes were individually mixed with sucrose to make a 
concentration of 0.05% for each insecticide and insecticide complexes. 
The containers with mixed powder were placed inside 1 lit. beakers 
and kept ready to receive the test insects. Each beaker received 
5 day old male insects, twenty in number. Mortality in each experi-
ment was recorded 24 h post treatment. Each individual experiment 
was conducted in triplicate and the mean mortality was recorded. 
r,n fj'^  A control experiment with sucrose alone was also run along to record 
the natural mortality. The beakers were left undisturbed after,remov-
Y" •> ' ing the dead flies and every week a fresh batch of 20 male, 5 day 
[J-'^ ^ o t L old flies were released. The experiment continued in a weekly basis 
^ " until the experimental compounds stopped giving appreciable mortality. 
(Results are recorded in Table 1). 
B) Root zone treatment 
The T(N)1 variety of rice plants 30 days old were transplanted 
2 in selected pots of surface area, 410.6 cm . Each pot received three 
sets of seedlings in a triangular spacing, each set (tiller) having three 
plants. Altogether 1 pot received nine plants. Carbofuran treatment 
(7 kg/hectare) was carried out one day after transplantation, confining 
the treatment to the root zone. Nymphs of brown plant hopper, 
10 in number, aged 7 days were released 24 h post treatment to the 
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experimental pot to each set of three seedlings and seedlings protected 
with ventilated transparent hollow polythene tubes. Each pot had 
a triplicate testing facility. Mortality 24 h after release of insects 
was recorded and corrected with the mortality obtained in the untreated 
control experimental pot. The experiments continued in a weekly 
basis until the activity dropped into insignificant levels. (Results 
are recorded in Table 3). 
C) Root dip formulation 
Chlorpyriphos-lignin (26%) granular formulation (Technical 
product) was uniformly mixed with bentonite, carboxymethylcellulose, 
CM. powder and glue (6:4:1:1) to obtain the formulation for root 
dip application. The percentage of chlorpyriphos in this formulation 
Uv^- '. i/20%. 
/ 
The amounts required to prepare the formulation on a 10 g 
scale aj4 technical product (6.45 g), bentonite (1.77 g), carboxymethyl-
cellulose (1.18 g), G.M. powder (0.294 g) and glue (0.294 g). 
D) Root dip treatment 
The T(N)1 variety of seedlings aged 30 days were removed 
and roots dipped in chlorpyriphos controlled release lignin formulations 
(5%) dried and transplanted after varying intervals ranging from 1 min 
to 4 h. A day after transplanting 10 insects (brown plant hopper 
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nymphs of 7 days old) were released to each set of three seedlings. 
Mortality was recorded 24 h post release. To see the residual effect 
if any, 15 days after the treatment and transplantation, insects were 
released which failed to show any mortality. (Results are recorded 
in Table 2). 
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The thesis deals mainly with the synthesis, characterization 
and evaluation of new pesticide-metal complexes and novel interlamellar 
pesticide-metalOD-montmorillonite complexes which are introduced 
for the first time, for controlled release. 
In addition, pesticides are microencapsulated in polyethylene 
and kraft lignin matrices. This work was carried under a research 
contract No. 3549/GS of a Joint FAO/IAEA/GSF programme. These 
formulations have been evaluated for controlled release near root 
zone. 
The present work has been initiated envisaging the following 
advantages : 
increased persistence without increasing rates of application. 
introduction of bifunctional bioactivity in the case of complexes. 
reduction of mammalian toxicity. 
reduction of evaporative losses. 
protection of pesticides from environmental degradation. 
prolongation of the effective life of unstable, volatile or hydro-
lyzable pesticides^ 
reduction of leaching. 
reduction of pesticide levels in the environment. 
consumption of less active agent. 
effective means of converting liquids into solids for easy handling, 
control release of active agent. 
photostabilization of pesticides 
CHAPTER I : CONTROLLED RELEASE TECHNOLOGY 
This chapter iUustrates the origin of pest control, development of 
conventional formulations and controlled release formulations in 
chronological order. The importance of controlled release technology, 
various reported methods and scope of the present work are discussed. 
Thorough literature survey has been made and the important and 
relevant references are cited. 
CHAPTER U : PESTICIDE-METAL COMPLEXATION : A TECHNIQUE 
FOR CONTROLLED RELEASE 
This chapter illustrates pesticide-metal complexation as a techni-
que for controlled release. Some metals may act as micronutrients 
or fungicides. On complexation it is possible to introduce Afunctional 
bioactivity. 
New pesticide-metal complexes are synthesized and characterized 
by elemental analyses, IR, ESR and TGA. The analytical and TGA 
data have shown that the metal-pesticide ratio is 1:2. 
This chapter is finally concluded by proposing the structure 
of the complexes. 
CHAPTER m : NEW INTERLAMELLAR PESTICIDE-METAL(U)-MONT-
MORILLONITE COMPLEXES - A NOVEL TECHNIQUE FOR CON-
TROLLED RELEASE 
This chapter narrates a novel technique for controlled release 
Ill 
involving immobilization of pesticides via complexation with transition 
metals in the interlamellars of montmorillonite, a smectite clay 
for the first time. 
Pesticide immobilization for controlled release using various 
synthetic and natural polymers by physically trapping or chemically 
binding is well known. The search for cheap and suitable materials 
as supports for controlled release of active agents still remains 
important. 
The use of montmorillonite, though widely applied in the immobi-
lization of enzymes and catalysts has not been explored in controlled 
release technology. Various aspects of montmorillonite like its struc-
ture, general properties like cation exchange capacity (CEC), recent 
advances in intercalated organic compounds, applications and the 
logic behind choosing montmorillonite for immobilization are also 
discussed. 
Taking into consideration of the above factors, various pesticides 
are chelated with metals in the interlamellars of the montmorillonite. 
The pesticide-metaldD-montmorillonite complexes thus synthesized 
are characterized by elemental analyses, IR, XRD, ESR and TGA. 
The metal-pesticide ratio 1:1 is confirmed by analytical and TGA 
data. 
IV 
CHAPTER IV : CARBOFURAN-POLYETHYLENE AND CHLORPYRI-
PHOS-KRAFT LIGNIN CONTROLLED RELEASE FORMULATIONS 
Microencapsulation to formulate pesticides became attractive, 
as microencapsulation offered the possibility of overcoming the serious 
disadvantages of high reactivity and high toxicity. Important refe-
rences are cited. 
The chapter illustrates the microencapsulation of pesticides, 
carbofuran, a highly toxic material and chlorpyriphos, a relatively 
unstable pesticide in water, in polyethylene and kraft lignin matrices 
respectively. 
Formulations of carbofuran-polyethylene and chlorpyriphos-
kraft lignin are prepared, analysed and evaluated for controlled release 
near root zone. 
CHAPTER V : EVALUATION OF CONTROLLED RELEASE PESTICIDES 
BY CHEMICAL ASSAY AND BIOASSAY 
This chapter deals with the evaluation of the controlled release 
systems presented in the previous chapters (II-IV) by chemical assay 
and bioassay. 
Chemical assay has been carried out to determine the release 
rates of the pesticides in static water under laboratory conditions. 
Bioassay has been carried out to test the preliminary insecticidal 
actAvity. Both these studies indicate the persistence enhancement 
of the pesticides upon complexation/microencapsulation. Further 
bioassay studies are under progress. 
Significant Achievements 
This work helped advancement of science in "Controlled Release 
Technology" in view of the following achievements reported for 
the first time in literature. 
Synthesis of new pesticide-metal complexes 
A novel technique involving immobilization of pesticides via com-
plexation with transition metals in the interlamellars of mont-
morillonite has been explored for controlled release. 
Synthesis of novel interlamellar pesticide-metal(II)-montmorillonite 
complexes. 
Systematic studies of all the complexes are carried out by 
chemical assay and bioassay. 
Montmorillonite, a smectite clay, used for the immobilization 
of pesticides is a cheap and abundantly available material. 
Liquid pesticides are converted into solids for easy handling 
on complexation. 
Non-contamination of the soil by clay. 
Persistence is increased on complexation of pesticides with 
metals in pesticide-metal and pesticide-metal(II)-montmorillonite 
complexes. 
V! 
The shelf life of unstable or hydrolyzable pesticides is prolonged. 
Some metals are micronutrients or fungicides. On complexation, 
bifunctional bioactivity is introduced. 
A minimum amount of active agent is required. 
The environmental pollution is minimized. 
The hazards associated with the use of highly poisonous chemicals 
is reduced. 
Simple and convenient techniques have been employed to encap-
sulate carbofuran and chlorpyriphos in polyethylene and lignin. 
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